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of the amount added and which is not exceeded. An example of 
such a label statement i.s "-- (unit) added as preservative." 
[NOTE-"-- (unit)" would be a number followed by the unit 
of measurement, e.g. , 0.015 mg per mL or 0.1%.J 

The most commonly used aients include the two mercurials, 
phenylmercuric nitrate and thimcrosal, the four homologous es­
ters of p-hydroxybenzoic acid, phenol, benzyl alcohol, and chi~ 
robut.anol The methods for the first two named are polar~ 
graphic, while quantitative gas chromatography is employed in 
tbe determination of the other ageots. 

GENERAL GAS CHROMATOGRAPHIC 
METHOD 

The general procedure set forth in 'the following paragraphs is 
applicable to the quantitative determination of benzyl alcohol, 
chlarobutanol, phenol, and the methyl, ethyl, propyl, and butyl 
esters of p-hydroxybenzoic acid, the latter being treated as a 
group, the individual members of which, if present, are capable 
of separate determination. Prepare the Internal Standard Sa­
lution and the Standard PreparaJion for each agent as directed 
individually below. Unless otherwise directed below, prepare the 
Test Preparar/Qn from accurately mea,ured portions of the In­
ternal Standllrd Solution a.nd the sample under test, of such size 
that the concentration of the agent and the composition of the 
solvent correspond closely to the concentration and composition 
of the Standard Preparation. Suggested operating parameters 
of the gas chromatograph apparatus are given in the accompa­
nying table, the carrier gas being helium or nitrogen, and the 
detector being the flame-ioni.zation type. 

Benzyl Alcohol 
lllteraal Standard Solution-Dissolve about 380 rng of phenol 

in 10 mt of methanol contained i:11 is 200-mL volumetric flask. 
Add water to volume, aod mix. 

Standard Preparatioo-Dissolve about 180 mg of benzyl al­
cohol, accurately weighed, in 20.0 mL of methanol contained in 
a 100-mL volumetric flask. Add Imernal Standard Solution to 
volume, and mix. 

Proce4ure-Using 5-µL portions of the Standard Preparation 
and the Te.rt Preparation, record their gas chromatograms w:itb 
the apparatus adJwted to the parameters set forth In the accom­
panymg table. Measure the areas under the peaks for benzyl 
aloo~ol and _phen?l of the chromatogram for _the St01f,d'!f'd Prep­
aration, de.ugnatmg them P 1 and·P 1, respectively. S1milarly, do­
termine the corresponding values p 1 and p2 for the Test Prepa­
ration. Calculate the content, in mg per mL, of bcnzyl aleobol 
(C7H80) in the specimen taken by the formula: 

lOO(C/Y)(pif pu(P,J Pi), 

in which C is the concentration, in mg per mL, of benzyl alcohol 
in the Standard Preparation, and V is the volume, in mL, of the 
specimen under test used in preparing each 100 mL of the Test 
PreparaJion. 

Cblorobutanol 
Internal Standard Solution-Dissolve about 130 mg of benz­

aldebydc in S mL of methanol contained in a 100-mL volumetric 
flask. Add water to volume, and mix. 

Standard Preparatiott-Dissolvc about 500 mg of anhydrous 
chlorobutanol, accurately weighed, in 5 mL of methanol con­
tained in a 100-mL volumetric ilask. Alld water to volume, and 
mill- Pipet 2 mL or I.his solution and : mL of the Internal Stan­
dard Soluzion into a So-mL volumetric flask, add dilute methanol 
(1 in 20) to volume, and mix. 

Procedure-Using 5-µ.L portions of the Standard Preparation 
and thci Te1t Preparation, record their gas chromatograms with 
tbe apparatll8 adjusted to the parameters set forth in the accom­
panymg table. Measure the areas under the peaks for chloro­
butanol and benzaldehyde of the chromatogram for the Standard 
Preparation, designating t!tem PI and P1, respectively. Similarly, 
determine the corresponding values p 1 and p. for the Test Prep-

Suggested Opentiog Parameters of Gas 
Chromatograph Apparatus 

Column Flow 

Column Size 
Packing Rate, Column 

Phases and mLper Temper-
Agent Lens_th ID SuEport min. ature 

Benzyl 1.8 m 3mm 5 percent so 140° 
Alcohol Gl6/Sl 

Chlorobu- 1.2m 3mm S percent 40 110° 
tano[ G16/Sl 

Phenol 1.2 m 3mm 5 percent 50 145° 
Gl6/S1 

20 150° Parabens 1.8 m 2mm 5 percent 
G2/Sl 

aration. Calculate the content, in mg per mL, of cblorobutanol 
(C4H 7C l30) in the specimen taken by the formula: 

lOO(Cf V)(pif p.)(Pz/ Pi), 

in which C is tbe concentration, in mg per mL, of ehlorobutanol 
in the Standard Preparation, and Vis the volume, in ml.. of the 
specimen. under test used in preparing each 100 mL of the Test 
Preparation. 

Phenol 
hternal Studarcl Soludon-Pipet l mL of benzyl alcohol into 

a 500-mL volumetric flask. add methanol to volume, and mix. 
Standarcl Preparation-Dis.wive about 75 mg of phenol, ac­

curately wejghed, in 7.5 mL of methanol contained in a 100-mL 
volumetric ff ask. Add 20.0 mL of lnJernal. Standard Solution, 
then add water to volume, and ~ix. 

Procedore--Using 3-µL portions of the Standard Preparation 
and the Test Preparation, record their gas chromatograms with 
the apparatus adJUstcd to the parameters set forth in the 111,;1,;010-­
panying table. Measure the areas under the peaks forJhenol 
and benzyl alcohol of the chromatogram for the Standar Prep­
aration, designating them P1 and P2, respectively. S~arly, dc­
ternrine the corresponding values p 1 and P2 for the Test Prepa­
ration. Calculate the content, in mg per mL, of phenol (C~O) 
in each ml of the specimen taken by the formuJa: 

100{ C/ VJ(p1/ P2)(P2/ Pi) , 

in which C is the concentration, in mg per mL, of phenol in the 
Srandard Preparation, and Vis the volume, in mL, of the spec­
imen under test used in preparing each 100 mL of the Te.st 
Preparation. 

Metbylparaben and Propylparaben 
Internal Stanclarcl Solutio~Place about 200 mg of be~ 

phenone in a 250-mL volumetric flask, .add ether to volume, and 
milt. 

Standard PreparatiOII- Place 100 mg of methylparaben and 
10 mg of propylparabcn, each aC<.."Urately weighed, in a 200-mL 
volumetric flask. add Internal Standard Solution to volume, and 
milt. Place 10 mL of this solution in a 25-mL conical flask, and 
proceed as directed under Test Preparation, beginning with " Add 
3 mL of pyridine." 

Test Preparation-Pipet 10 mL of the specimen under test and 
10 mL of the Intern.al Standard Solution into a small separator. 
Shake vigorously, allow the layers to separate, draw off the aqueous 
layer into a second separator, and tranrler the ether layer into a 
small flask through a fuonel containing anhydro~ sodium sulfate. 
Extract tile aqueous layer with iwo I 0-mL portiom1 of ether, also 
filtering the extracts through the anhydrous sodi1t111 sulfate. 
Evaporate the combined extracts under a stream of dry air until 
the volume is reduced lo about 10 mL, then transfe.r the residue 
to a 25-mL conical flask. Add 3 mL of pyridine, complete the 
evaporation of the ether, and boil on a hot plate until the volume 
is reduced to about l ml. Cool, and add 1.0 mL of a suitable 
silylation agent, such as hexamethyldisilazane to which has been 
added trimethylchlorosilane, bis(trimethylsilyl)acetamide, or 
bis(trimethylsilyl)trifluoroacetamide. Mix, and allow to stand for 
not Jess than 1 S minutes. · 
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Proced11re-Using a 2-µ.L portion of the silanized solution from 
the Standard Preparation, record the gas chromatogram with the 
apparatus adjusted to the parameters set forth in the accompa­
nying table. Measure the areas under the peaks for methylpar­
aben, propylparaben, and benz.ophenone, designating them P., 
P2, and P3, respectively. Similarly, measure the corresponding 
areas for the silanized solution from the Test Preparation, des­
ignating them p,, P2, and p3, respectively. Calculate the content, 
in µg per ml, of methylparaben (CaH8O3) in the sample under 
test by the formula: 

l0(CM/V)(pJ/p3)(P3/P1), 

in which CM is the concentration, in µ.g per mL, of rocthylpara ben 
in the Standard Preparation, and Vis the volume, in mL, of the 
specimen taken. Similarly, calculate the content, in µ,g per mL, 
of propylparaben (C1oH120 3) in the specimen under test by the 
formula: 

I0(Cp/V)(p,,/p;)(P1/P~, 

in which Cp is the concentration, in µg per mL, of propylparaben 
fo the Standard Preparation. 

Ethylparaben and Butylparaben may be determined in a sim­
ilar manner. 

POLAROGRAPWC ME1HOD 

Pbenylmercuric Nitrate 
Standard Preparation-Dissolve about 100 mg of phenylmer­

curic nitrate, accurately weighed, in sodium hydroxide solution 
(l in 250) oontained in a 1000-mL volumetric flask, warming if 
necessary to effect solution, add the sodium hydroxide solution 
to volume, and mix. Pipet 10 mL of this solution into a 25-mL 
volumetric flask, and proceed as directed under Test Preparation, 
beginning with "add 2 mL of potassium nitrate solution (1 in 
100).'.' 

Test Preparation-Pipet 10 mL of the specimen under tC$t into 
a 25-mL volumetric flask, add 2 mL of potassium nitrate solution 
(1 in JOO) and IO mL of pH 9.2 alkaline borate buffer (see under 
Buff er Solutions in the section, R.eagen1s, Indicators, and So­
lu.tions), and adjust to a pH of 9.2, if necessary, by the addition 
of 2 N nitric acid. Add 1.5 mL of freshly prepared gelatin s~ 
lution (I in 1000), then add the pH 9.2 alkaline borate buffer to 
volume, and mix. 

Procedure-Pipet a portion of the Test Preparation into the 
polarographic cell, and deaerate by bubbling nitrogen through 
the solution for 15 minutes. Insert the dropping mercury elec­
trode of a suitable polarograph (see Polarowaphy (801) ), and 
record the polarogram from -0.6 to - 1.5 volts versus the sat­
urated calomel electrode. Determine the diffusion current of the 
Test Preparation, (id)u, as the difference hetwC".en the residual 
current and the limiting current. Similarly and concomitantly 
determine tbc diffusion current, ((d)s, of the Standard Prepa­
ration. Calculate the quantity, in µg, of phenylmercuric nitrate 
(CJi)HgN03) in each mL of the &-pecimen taken by the formula: 

2. 5C[(i.Ju/ (id)s]. 

in which C is the concentration, in p,g per mL, of phenylmercuric 
nitrate in the Standard Preparation. 

TbimerosaJ 
. Standard Preparation-On the day of use, place about 25 mg 
of thimerosal, accurately weighed, in a 250-mL volumetric flask, 
add water to volume, and mix. Protect from light. Pipet 15 ml 
of this solution into a 25-mL volumetric flask, add 1.5 mL of 
t?elatin solution (I in 1000), the» add potassium nitrate Mlution 
(l in l 00) to volume, and mix. 

Test Preparation---Pipet 15 mL of the test specimen into a 25-
mL volumetric flask, add 1.5 mL of gelatin solution (l in 1000), 
add potassium nitrate solution (1 in 100) to volume, and mix. 

Procedure-Transfer a portion of the Test Preparation to a 
polarographic cell, and deaerate by bubbling nitrogen through 
the S-Olution for 15 minutes. Insert the dropping mercury elec­
trode of a suitable polarograph (sec Polarography (801) ), and 
,ecord the polarogram from -0.2 to - 1.4 volts versus the sat-

urat.ed calomel electrode. Determine the diffusion current, (!.Ju, 
as the difference between the residual current and the linuting 
current. Similarly and concomitantly determine the diffusion 
current, (id)s, of the Standard Preparation. Calculate the quan­
tity, in µg, of thimerosal (<;liglfgNaO2S) in each mL of the test 
specimen taken by the formula: 

l.667C[(id)u/(iJ)sJ, 

in which C is the concentration, in 14g per mL, of thimerosal in 
the Standard Preparation. · 

(351} ASSAY FOR STEROIDS 
The following procedure is applicable for delennination of those 

PharmacopeiaJ steroids that possess reducing functional groups 
such as a-ketols. 

Standard Preparation-:Dissolve in alcohol a suitable quantity 
of the USP Reference Standard specified in the individual mono­
graph, previously dried UJ1der the conditions specified in the in­
dividual monograph and accurately weighed, and dilute quanti­
tatively and stepwise with alcohol to obtain a solution havini a 
concentration of about l 0 p.g per mL. Pi pet 20 mL of this solution 
into a glass~toppered, 50-mL conical flask. · · 

Assay Pre~tion-Prepare as directed in .the individual 
mo.nograph. · · • · 

. Procedure-To each of the two flasks oontaini~ the Assay 
Preparation and the Standard Preparalion, respectively, and to 
a similar flask containing 20.0 mL of alcohol to serve as the bJank, 
add 2.0 mL of a solution prepared by dissol'l'ing 50 mg of blue 
tetramlium in 10 mL of methanol, and mix. Then to each flask 
add 2.0 mL of a mixture of alcohol and tetramethylammoruum 
hydroxide TS (9: 1). mix, and allow to stand in the dark for 90 
minutes. Without delay, concomitantly determine the absorb­
ances of the solutions from the Assay Preparation.and the Stan­
dard J>reparatwn at about 525 run, with a suitable ::pectropho­
tometer, against the blank. Calculate the result by tlie formula 
given in ).be individual monograph, in which C is the concentra­
tion, in µg per mL, of the Refetence Standard in the.Standard 
Preparation. and Au and As are the absorbances of the solutions 
from the Assay Preparation and the Standard Preparatton, re-
spectively. · · 

{361} BARBITURATE ASSAY 
ime;nal Standard, Internal Standard Solutwn, Staru/ard 

Pref>'!ratwn, and Assay Preparation-Prepare as directed in the 
individual monograph. . · 

Chromst~bic Syste11r-Under typical conditions, the gas 
chromatograph lS equipped with a flame-ionization detector and 
contains a 0.9-m X 4-1nm glass column packed with 3 petcent 
liquid phase GlO on support 80- to 100-mesh SlA. The colwnn 
is maintained at a temperature of 200 ± 10°, and the injection 
port and detector are maintained at about 225°, the column tem­
perature being varied within the designated tolerance, as neces­
sary, to meet System Suitability specifications and provide suit­
able retention times. Use a suitable carrier gas, such as dry 
nitrogen, at an appropriate flow rate, such as 60 to 80 mL per 
minute. Use on-column injection. (N011!-Jf the instrument is 
not equipped for on-column injection, use an injection port lined 
with glass that has been washed successively with chromic acid 
cleansing solution, water, methanol, chloroform, a 1 in 10 solution 
of trimethylchlorosilane.in chloroform, and chloroform.] 

System Suitability (see Chromatography (621))-Chromato­
graph five replicate injections of the Siandard Preparation, and 
r«ord•peak ~ponses as directed under Procedure. The relative 
standard deviation for the ratio Rs is not more than 1.5%. In a 
suitable chromatogram, the resolution, R, between the barbituric 
acid and the Internal Standard is not less than the value given 
in the mdividual monograph, and the tailing factor, T, for each 
of the two peaks is not more than 2.0. 

Procedare-Inject a suitable portion (about 5 µL) of the Stan­
dard Preparation into a suitable gas chromatograph, and record 
the chromatogram. Similarly inject a suitable portion of the As­
say Preparation, and record the chromatogram. Calculate the 
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content of the barbiturate or barbituric acid in the assay specimen 
by the formula given in the individual mooogra_ph, in which Ru 
is the ratio of the peak response of the barbitunc acid to that of 
the Internal Standard obtained for the A.rsay Preparation, ~ is 
the ratio of the weight of the barbituric acid to that of the lnlernaJ 
Standard in the Standard Preparation, C1 is the ooncentration, 
in mg per mL, of fnternaJ Standard in the Internal Standard 
Solution, and Rs is the ratio of the peak response of the barbituric 
acid -to that of the Internal Standard in the Standard Prepa­
ration. 

(371) COBALAMIN 
RADIOTRACER ASSAY 

All radioactive determinations required by this method should 
be made with a suitable oounting assembly over a period of time 
optimal for the particular counting assembly used. All proce­
dures should be performed in replicate to obtain the greatest 
accuracy. 

Refereace Standard-USP Cyanocobalamtn &ference Stan­
dard- Dry over silica g&l for 4 hours before using. 

Cyaoocobalamie Tracer Raeeat-Dilutc an accurately mea­
sured volume of a solution of radioactive cyanocobalamin* with 
water to yield a solution having a radioactivity between S00 and 
S000 oounts per minute/er m.L. Add 1 drop of cresol per liter 
of solution prepared, an store in a refrigerator. 

Standardization-Prepare a solution of a weighed quantity of 
USP Cyanocobalamin RS in water to contain 20 to 50 I:'$ per 
mL. Perform the entire assay on a 10.0-mL portion of this s&­
lution, proceeding as directed under Assay Preparation, bcgii>­
ning with "Add water to make a measured volume.'' 

Cresol-Culon Tetrachloride Solutioa-Mix equal volumes of 
carbon tetrachloride and freshly distilled ctesol. 

P!!MpJJate-◊.,AAid.P. &ilution-Dissolve 100 m~ of potassium 
cyanide in JOO() mL of a saturated llOlutiott of dibasic sodium 
phosphate, and mix. 

Butall0l-Benzallr.oniu111 Cbloride SolutioD--Dilute benzalko­
nium chloride solution (17 in 100) with water (3: !), and mix with 
3'6 volumes of butyl aloobol. 
. Alwnilla-Reshl Col111DD-Place a plcdget of glass wool in the 

·bottom of a constricted glass tube such as a 50-mL buret. With 
the tube held in an upri~t position, add a volwne of a slurry of 
ion~xchange resin (sec 1n the section, Reagents, Indicators, and 
Solutions); in water, sufficient to give a column of S;Cttlcd resin 
7 cm i,!I height. When. the solid has settled somewhat, allow the 
water to drain so that there is only 1 cm of liquid above the resin 
column, and tamp the resin lightly. Theo add a volume of a 
slurry of anhydroUB alumina (not acid-washed} iii water sufficient 
to increase the height of the settled column to 10 cm, and allow 
the water to drain to about 1 cm from the top of the alumina. 
Add a pledget of glass wool, and wash the column, using a total 
of SO mL of water, and again drain to within l cm of the top of 
the coJwnn. Prepare a fresh column for each determination. 

Assay Preparation-Transfer to a beaker a weighed quantity 
or measured volume of the preparation to be assayed, equivalent 
in vitamin B12 activity to that of 200 to 500fg of cyanocobala.min. 
Add water to make a measured volume o not less than 25 mL, 
then add S.O mL of Cyanocobalamin Tracer Reagent. Add, while 
working under a hood, 5 mg of sodium nitrite and 2 mg of po­
tassium cyanide for each mL of the resulting solution. Adjust 
the solution•with diluted hydrochloric acid to a pH of apf.roxi­
mately 4, and heat on a steam bath for 15 minutes. Coo, and 
adjust the solution with 1 N sodium hydroxide to a pH between 
7.6 and 8.0. Centrifuge or filter to remove any undi4solved solids. 

Procedare-Transfer the A.ssav heoarat~on to a 250-mL cen­
trifuge bottle, add 10 mL of c;esol.-:Carbon Tetrachloride So­
lutwn, suitably close the bottle with a glass, polyethylene, or foil­
wrapped rubber stopper, shake vigorously for 2 to 5 minutes, and 
centrifuge. Remove and aave the lower, solvent layer. Repeat 
the extraction using a S·mL portion of Cresol-Carbon Tetra­
chloride Solution., and oombine the lower, solvent-layer extracts 

• A solution of cyanooobalamin made radioactive by the i.1)­
corporation of 60Co is available from Merck and .co., Inc., Rah­
way, NJ 0706S. 

in a centrifuge bottle or separator of 50- to 100-mL capacity. 
Wash the combined extracts with successive 10-mL portions 

of S N sulfuric acid until the last washing is practically colorless 
(two washings usually suffice). During each washing, shake for 
2 to 5 minutes, allow the layers to separate, centrifuge, if nec­
essary, and discard the acid layer. Wash further with two suc­
cessive 10-mL portions of Phosphate-Cyanide Solution. Finally, 
wash with JO mL of water. Discard all of the washings. 

To the washed extract add 30 mL of a mbtture of Butanol­
Benzallronium Chloride Solution and carbon tetrachloride (2: 
1). Extract with two 5-mL portions of water, each time shaking 
vigorously for l minute, centrifuging, and removing and saving 
the upper, aqueous layer. . 

Pass the combined aqueous extracts through the Alumina-Resin 
Column at a rate of about 1 mL per minute, maintaining a 1-
cm layer of liquid on the head of the column by adding water as 
needed. Discard as much of the forerun as is colorless (usUJ1lly 
about 5 mL), and collect the colored eluate (usually about 10 
mL) in a 50-mL centrifuge tube or separator containing 500 µL 
of diluted acetic acid. Extract the eluate by shaking for 2 to 5 
minutes with 5 mL of Cresol-Carbon Tetrachlon'de Solution, 
and discard the upper, aqueous layer. To the extract add 5.0 mL 
of water, S mL of carbon tetrachloride, and 10 mL of butyl 
alcohol. Shake, allow to separate until the upper layer is clear, 
and remove the ·upper, aqueous layer. · 

Determine the absorbances of the aqueous extract, in a 1-cm 
cell, at 361 run and 550 run, with a suitable spectrophotometer, 
using a tungsten light source. Make the 361-nm reading using 
a filter capable of reducing stray light. Calculate the ratio Am} 
Asso: the purity of the aqueous extract is acceptable if the ratio 
is between 3.10 and 3.40. If a ratio outside this ~e is .observed, 
purif_y the aqueous extract by repeating the extraction cycle, pro­
ceeding as directed in the foregoing paragraph. 

If an acceptable absorbance ratio is observed in the aqueous 
extract, determine the radioactivity, in counts per minute, using 
a suitable counter over a period optimal for the particular oount­
ing assembly used. Average the results, and correct the average 
ror t11e o·t,s,erved bac:itgronnu radioactivity determined ;;.er two 
or more 30-minute periods. 

Calculation-Calculate the. cobalru.p.in content, expre.ssed in µg 
of cyanocobalamio, of the por,tion talccn for assay by the formula: 

· R(Cs/CuXAr/As), 

in which R is the quantity, in µg, of cyanocobalamin in the portion 
of the standard solution taken, Cs and Cu are the corrected av­
erage radioactivity values, expressed in counts per minute per 
mL, of the standard and assay solutions, respectively, and Au 
and As !lfC the absorbances determined at 361 nm of the assay 
and standard solutions, respectively. 

· (381) ELASTOMERIC 
CLOSURES FOR INJECTIONS 
An elastomeric closure may be of synthetic or natural origin. 

It is generally a complex mixture of many ingredients. These 
include the basic polymer, fillers, accclerators,.vulcanizing agents, 
.and pigments. The properties of the elastomeric closure are de­
pendent not only upon these ingredients, but also on the pro­
cessing procedure, such as !Pixing, milling, dusting agents used, 
molding, and curing. · ' 

Factors such as cleansing procedures, contacting media, and 
conditions of storage may also affect the suitability of an elas­
tomeric closure for a spceific use. Evaluation of such factors 
should be made b>.'. appropriate additional specific tests to de­
termine the suitability of an elastomeric clooure for its intended 
use. Cnteria for the selection of an elastomeric closure should 
also include a careful review of a.H the ingredients to assure r.'IJ~ t. 
no known or suapected carcinogens, or other toxic substances are 
added. 

Defmitioa.:....An elastomeric closure is a packaging component 
that is, or uiay be, m direct contact with the drug. . 

Biological Test Procedures 
Two stages of testing are indicated. The fl18t stage is the per­

formance of in-vitro tests according to the procedures set forth 
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ia chapter (87), Biological Reactivity Test,, In,-vitro. Materials 
that meet the requirements of the in-vitro tests are not required 
to undergo further testing. Materials that do not meet the re­
quirements of the in-vitro tests are subjected to the second stage 
of testing which is the performance of in-vivo tests, i.e., the Sys­
temic Injection Test and /n1racutaneous Tesi, according to the 
procedures set forth in chapter. (88), Biological Reactivity Tests, 
In-vivo. · 

Pbysicochemical Test Procedures 
The following tests arc designed to detennine pertinent physi­

cochemical extraction characteristics of elastomeric cl~ures. 
Since the tests are based oo the extrc!.Ction of the elastomer, it is 
essential that the designated amount of surface area of sample 
be available. In each case, the specified surface area is available 
for extraction at the designated temperature. The test methods 
are devised to detect the majority of expected variations. 

Extraction Solveila­
A: Purified water. 
B: Drug product vehicle (where applicable). 
C: lsopropyl alcohol. · 
Apparatus-
Autocfave-Use an autoclave. capable of maintaining a tem­

perature of 121 ± 2°, equipped with a thermometer, a pressure 
gauge, and a rack adequate to accommodate the test containers 
above the water levcL 

Oven-Use an oven, preferably a forced-draft model, that will 
maintain an operating temperature of 10S0 ± 2°. . 

Reflux Apparatwr-Use a suitable reflux apparatus having a 
capacity of about 500 mL. · · 

Procedure-
Preparation of Sample-Place in a suitable extraction con­

tainer a sufficient number of clastomeric closures to provide 100 
cm.2 of exposed surface area. Add 300 m.L of purified water to 
each container, cover with a suitable inverted beaker, anci au­
toclave at 121 ± 0.5° for 30 minutes. [NOTE-Adjust so.that 
the temperature rises rapidly, preferably within 2 to 5 minutes.] 
Decant, usµig a stainJess steel screen to hold the closures in the 
containers. Rinse with 100 mL of _purified water, gently swirl, 
and discard the rinsing$. Repeat with a second 100-mL portion 
of purified water; Treat all blank containers in a similar manner. 

Extracts (with use of Extraction Solvent A)--Place a property 
prepared sample, having an exposed surface area of 100 cm2, in 
a suitable container, and add 200 mL of purified water. Cover 
with a suitable inverted beaker, and extract by heating in an 
autoclave at 121 ° for 2 hours, allowing adequate time for the 
liqwd within the container to reach the extraction temperature. 
Allow the autoclave to cool rapidly, and cool to room temperature. 
Treat the blank container in a similar manner. 

Extracts (with use of Extraction Solvent B or lj-Place a 
pro1>Crly prepared sa~le, having an. exposed surface area of 100 
cm2, in a suitable Re ux Apparatus containing 200 mL of Ex­
traction Solvent, an reflux for 30 minutes. Treat the blank in 
a similar manner. · · 

Turbidity-[Norn-Use Extracts prepared with Extraction 
Solvent A, B, or C.J Agitate the. container, and transfer a suf­
ficient quantity of Extract, diluted with Extraction Solvent, if 
necessary, to a cell. Measure the turbidity in a suitable. nephe­
lometer (see Spectrophotometry and Light-scatterini (851}), 
against fixed. reproducible standards.* The tutbidity is the. dif· 
ferencc between the values obtained for the blank and the sample 
expressed in Nephelos units, an arbitrary linear numerical scale 
expressing a. haze range from absolute clarity to the zone of 
turbidity. · 

· Reducing Agents-[Norn-Use Extracts prepared with Ex­
tr.action Solvent A.} Agitate .the container, transfer 50. mL of 
sample extract to a suitable container, and titrate with 0.01 N 
iodine VS, using 3 mL of starch TS as th.e indicator. Treat the 
blank extract in a similar manner. The difference bctw~n the 
blank and the sample titration is expressed in µiL of 0:01 N 
iodine. · 

Hea,y Metals (231 }-[NOTE-Use Extracts prepared with 
Extraction Solvent A or B.) Transfer 20 mL of the blank and 

• A suitable Nephelos Standard is available from C9lcman 
Instruments, Inc., Maywood, IL 60153. · 

the sample extracts to separate color-comparison tubes. Transfer 
2, 6, and 10 mL of Standard Lead Solution into separate color­
comparison tubes, add 2 mL of I N acetic acid to each tube, and 
adjust the volume to 25 mL with purified water. Add 10 mL of 
freshly prepared hydrogen sµlfide TS w each tube, mix, allow to 
stand for 5 minutes, and view downward over a white surface. 
Determine the amount of heavy metals in the blank and in the 
sample. The heavy 1Itetals content is the difference between the 
blank and the sample. · · 

pH Change---[NOTE-Use Extracts prepared with Extraction 
Solvent A or B, adding to extraczs obtained with So/venl A suf­
ficient potassium chloride to provide a concentration of 0.1%.] 
Determine the pH of sample extracts A and B potentiometrically, 
performing blank determinations with blank extracts A and B, 
and making any necessary corrections. The pH change is the 
difference between the blank and the sample. 

Total Extrac:table&-[NOTB-Use Extracts prepared with Ex­
traction Solvent A, B, or C.] Agitate the containers, and transfer 
100-mL aliquots of the blank and the sample to separate, tared 
evaporating dishes. Evaporate on a steam bath to dryness (Ex­
tracts prepared with Extraction Solvent C) or in an oven at 100°, 
dry at 105° for 1 hour, cool in a desiccator; and weigh. Calculate 
the total extractablcs, io mg, by the fonnula: 

2(Wu - WB}, 

in which Wu is the weight, in mg, of residue found in the ~ample 
extract aliquot, and W8 is the weight, in mg, of residue found in 
the blank solution aliquot. · 

{391) EPINEPHRINE ASSAY 
Refereace Stanllri-USP Epinephrine Bitartrate Reference 

Standard-Keepcont.ainer tightly closed and protected from light. 
Dry in vacuum over silica gel for 18 hours before using. 

1''erro-dtrate Solutlon---On the day needed, dissoive U . g oi 
ferrous sulfate in 200 mL of water to which have been added 1.0 
mL of dilute hydrochloric acid (l in 12) and 1..0 g. of sodium 
bisulfite. Dissolve 500 mg of sodium citrate in 10 mL of this 
solution, and mix. 

Buffer Solution-In a 50-mL volumetric flask mix 4.2 g of 
sodium bicarbonate, 5.0 g of potassium bicarbonate, and 18 mL 
of water (not all of the solids will dissolve at this stage). To 
another 18 mL of water add 3.75 g ofaminoacetic acid and 1.7 
mL of .6 N ammonium hydroxide, mix to dissolve, and transfer 
thi& solution to the 50-mL volumetric flask c.ontaining the other 
mixture. Dilute with water to volume, and mix until solution is 
complete.· 

Standard Prepara~Transfer about 18 mg of USP Epi• 
nephrine Bitartrate RS, accurately weighed, to a !00-mL volu­
metric flask with the aid of 20 mL of sodium bisulfite solution 
(1 in SO), dilute with water to volume, and mix. Transfer 5.0 mL 
of th.is solution to a 50-mL volumetric flask, dilute with sodium 
bi~ulfite solution (I in 500) to volume, and mix. [Norn-Make 
the final dilution when the assay is carried out.J The concentra­
tion of USP Epinephrine Bitartratc RS in the Standard Prepa• 
ration is about I 8 µg per mL. 

Assay .PreparatioU--:.Transfer to a 50-mL volumetric flask an 
accurately measured volume of the Injection under assay, equiv­
alent to about S00 µ,g of epinephrine, dilute with sodium bisulfite 
solution (1 in 500} to volume, if n~sary. and mix. {NOTE-­
The final concentration of sodium bisulfite is in the range of 1 
to 3 mg per mL, any bisulf1tc present in the Injection under assay 
being taken into consideration.] 

Proceda.re-lnto three 50-mL glass-stoppered . conical flasks 
transfer, separately, 20.0-mL aliquots of the Standard Prepa­
ration, the A.r.rqy Preparu11on, and sodium bisulfite solution (1 
in 500) to provide the blank.· To each flask add 200 µL of Ferro­
citrate Solution and 2.0 mL of Buffer Solution, mix, and allow 
the solutions to stand for 30 minutes. Determine the absorbances 
of the solutions in 5-cm cells at the wavelength of maximum 
absorbance at about 530 nm, with a suitable spectrophotometer, 
using the blank to set the instrument. Calculate the quantity, in 
mg, of epinephrine (½H13NO3) in each mL of the Injection taken 
by the formula: · 

(I 83.21 /333.29)(0.0SC/J/)(Au/ As), 

7 
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in which 183.21 and 333.29 arc u,e molecular weights of epi­
nephrine and epinephrine bitartrate, respectively, C is the. con­
centration, •in µg per mL, of USP Epinephrine Bitartrate RS in 
the Standard Preparation, and V is the volume, in mL, of In-
jection taken. · 

(401) FATS AND FIXED OILS 
The following definitions and general .Procedures apply to fats, 

fixed oils, waxes, resins, balsams, and similar substances. 

Preparation of Specimen 
If a specimen of oil shows turbidity owinfl to separated stearin, 

warm the container in a water bath at SO until the oil is clear, 
or if the oil does not become clear oil warming, filter it through 
dry filter paper in a funnel contained in a hot-water jackeL Thor­
oughly milt, and weigh at one time as many portions as are needed 
for the various determinations, using preferably a bottle having 
a pipet dropper, or a weighing buret. Keep the specimen melted, 
if solid at room temperature, until the desired portions of spec­
imen are withdrawn. 

Specific Gravity 
Detennine the specific gravity of a fat or oil as directed under 

Specific Gravity (841}. 

Melting Temperature 
Determine the melting temperature as directed for substances 

of Class II (see Melting Range or Temperat~e (741) ). • 

Solidification Temperature of Fatty Acids 
Preparation of the Fatty Acl~Hcat 75 mL of glycerin-po­

tassium hydroxide solution (made by dissolving 25 g of potassium 
hydroxide i1i 100 w.L .;f dycerin) i.; an 800-mL beaker tc 15!}0

, 

and add SO mL of the clarified fat, melted if necc868ry. Heat 
the mixture for l 5 minutes with frequent stirring, but do not 
allow the temperature to rise above 150°. Saponification is com­
plete when the mixture is homogeneous, with no particles clinging 
to the beaker at the meniscus. Pour the contents of the beaker 
into 500 mL of nearly boiling water in an 800-mL beaker or 
casserole, add slowly 50 mL of dilute sulfuric acid (made by 
adding water and sulfuric acid (3: 1)), and heat the solution, with 
frequent stirring, until the fatty acids separate cleanly as a trans­
parent layer. Wash the acids with boiling water until free from 
sulfuric acid, collect them in a small beaker, place on a steam 
bath until the water has settled and the fatty acids are clear, 
filter into a dry beaker while hot, and dry at 105° for 20 minutes. 
Place the warm fatty acids in a suitable container, and cool in 
an ice bath until they congeal. 

Test for C.0111plete Sapouificati-On-:Place 3 mL of the dry acids 
in a test tube, and add IS mL of alcohol. Heat the solution to 
boiling, and add an equal volume of 6 N ammonium hydroxide. 
A clear solution results. 

Procedure-Using an apparatus similar to the "Congealing 
Temperature Apparatus" specified therein, proceed as directed 
for Procedure under Congealing Temperature (651), reading 
"solidification temperature" for "congealing point" (the terms 
are synonymous). The average of not less than four consecutive 
n:ad1~ of the highest point to which the temperature rises is 
the solidification temperature of the fatty acids. 

Acid Value (Free Fatty Acids) 
The acidity of fats and fixed oils in this Phannacopeia may be 

expressed as the number of mL of 0.1 N alkali required to neu­
tralize the free acids in 10.0 g of substance. Acidily is f1equently 
expressed as the Acid Value, which is the number of mg of po­
tassium hydroxide required to ocutralizc the free acids in 1.0 g 
of the substance. 

Procedur~Unless otherwi1e difected, dissolve about 10.0 g 
of the substance, accurately wejghed, in SO mL of a mixture of 
equal volumes of alcohol and ether (which has been neutralized 
to phenolphthalein with 0.1 N sodium hydroxide) contained in a 
flask. If the test specimen does not dissolve in the cold solvent, 
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connect the flask with a suitable condenser and warm slowly, 
with frequent shaking, until the specimen dissolves. Add 1 mL 
of phenolphthalein TS, and titrate with 0.1 N sodium hydroxide 
VS until the solution remains faintly pink after shaking for 30 
seconds. Calculate either the Acid Value or the volume of 0.1 
N alkali required to neutralize 10.0 g of specimen (free fatty 
acids), whichever is appropriate. 

Ir tbe volume of. 0.1 N sodium hydroxide VS required for the 
titration is less than 2 mL, a more dilute titrant may be used, or 
the sample size may be adjusted accordingly. The results may 
be expressed in terms of the volume of titrant used or in terms 
of the equivalent volume of 0.1 N sodium hydroxide. 

If the oil has been sat11Cated with carbon dioxide for the purpose 
of preservation, gently reflux the alcohol~ther solution for 10 
minutes before titration. The oil may be freed from carbon diox­
ide also by exposing it in a shallow dish in a vacuum desiccator 
for 24 hours before weighing the test specimens. · 

Ester Value 
, The Ester Value is the number of mg of potassium hydroxide 
required to saponify the esters in 1.0 g of the substance. If the 

. Sapomftcation Value and the Add Value have been determined, 
the difference between these two represents the Ester Value. 
· Pn>cedure-Place 1.5 g to 2 g of tb,e substance in a tared, 250. 

mL flask, weigh accurately, ad!! 20 mL to 30 mL of neutralized 
alcohl)l, and shake. Add l mL of phenolphthalein TS, and titrate 

. with 0.5 N alcoholic potassium hydroxide VS until the free acid 
is neutralized. Add 25.0 mL of 0.5 N alcoholic potassium hy­
droxide VS, and proceed as directed under Saponijicatlon Value, 
beginning with "Heat the flask" and omitting the further addition 
of phenolphthalein TS. The differen~ between the volumes, in 
mL, of 0.5 N hydrochloric acid consumed in the actual test and 
in the blank test, multiplied by 28.05 and divided by the weight 
in g of the specim.en taken, is the Ester Value. 

Hydroxyl Value 
The Hydroxy! Value is the number of mg of potassium hy­

droxide equivalent ·to the hydroxyl content of 1.0 g of the sub­
stance. 

Pyridiae-Acetic Aithydride ReaJe.Df-Just before use, mix 3 
volumes of freshly distilled pyridme with 1 volume of freshly 
distilled acetic .anhydride. 
. Procedure-Tra~fer a quantity of the substance, determined 
by reference to the accompanying table and accurately weighed, 
to a glass-stoppered, 250-mL conical flask, and add 5.0 mL of 
Pyridine-Acetic Anhydride Reagent. Transfer 5.0 mL of Pyri­
aine-Acetic Anhydride Reagent to a second glasHtoppered, 250-
mL conical flask to provide the reagent blank. Fit both flasks 
with suitable glass-jointed reflux condensers, heat on a steam bath 
for I hour, add 10 mL of water through each condenser, and heat 
on the steam bath for 10 minutes more. Coo), and to each add 
25 mL or butyl alcohol, previously neutralized to phenolphthalein 
TS with 0.5 N alcoholic potassium hydroxide, by pouring 15 mL 
through each condenser and, after removing the. condensers, 
washing the sides of both flasks with the remaining 10-mL por­
tions. To each flask add I mL of phenolphthalein TS, and titrate 
with Q:S N alcoholic potassium hydroxide VS, recording the vol­
ume, in lliL, consumed by the residual acid in the test solution 
as T and that consumed by the blank as B. In a 125-mL conical 
flask, mix about 10 g of the substance, accurately weighed, with 
IO mL of freshly diiitilled pyridine, previously neutralized to phe­
nolphthalein TS, add 1 mL of phenolphthalein TS, and titrate 
with O.S N alcoholic potassiQJll hydroxide VS, recording the vol­
ume, in mL, consumed by tlJe free acid in the test specimen as 

Hydroxyl 
Value Range 

0 to 20 
20 to SO 
50 to 100 

100 to 150 
ISO to 200 
200 to 250 
250 to 300 
300 to 350 

Weight of Test 
Speamen. g 

10 
5 
3 
2 
l.S 
1.25 
1.0 
0.75 
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A, or use the Acid Value to obtain A. Calculate the HydrQxyl 
Value ~y the formula: 

(56.llN/W)[B + (WA/C) - T]. 

in which Wand Care the weights, in g. of the substances taken 
for the acetylation and for the free acid determination, respec-­
tively, N is the exact normality of the alcoholic potassium hy­
droxide, and 56. I l is the molecular weight of potassium hydrox-
ide. · 

Iodine Value 
The Iodine Value represents the number of g of iodine ab­

sorbed; under the prescribed conditions, by 100 g of the sul>­
stance. Unless otherwise specified in the individual monograph, 
determine the Iodine Value by Method I. 

METHOD I (HANUS METHOD) 

Procedur~Introduce about 800 mir of a solid fat or about 
20-0 mg of an oil, accurately weighed, into a 25~mL iodine flask, 
dissolve it in 10 mL of chloroform, add 25.0 mL of iodobromide 
TS, insert the stopper in the vessel securely, and allow it to suµtd 
for 30 minutes protected from light, with occasional shaking. 
Then add, in the order named, 30 mL of potassium iodide TS 
and 100 mL of water, and titrate the liberated iodine with 0.1 
N sodium thiosulfate VS, ~baking thoroughly after-. each addition 
of thiosulfate. When the iodine color becomes quite pale, add 3 
mL of starch TS, and continue the titration with 0.1 N sodium 
thiosulfate VS until the blue color is discharged. Perform a blank 
test at the same time with the same quantities of the sarne re­
agents and in the same nianner (see Reridual Titrations (54,l)). 
The difference between the volumes, m mL, of 0.1 N sodium 
thio.sulfate VS consumed by the blank test and the actual test, 
multiplied by l.269 and divided by the weight in g of the sub· 
stance taken for teat, is the Iodine Value. 

NOTE-If more than half of the iodobromide TS i~ ah'lOTbed 
by the portion of the substance taken. repeat the determination, 
using a smaller portion.of the substance under examination . . · 

METHOD II (WIJS METHOD) 

To a 500-mL iodine flask transfer an accurately weighed quan­
tity, in g, of the substance to be tested, about equal to .that 
calculated by the formula 25/ I, in which / is the iodine value, 
except that, for substances having iodine values not greater than 
2.5, take about 10 g, accurately weighed, for the test. 
~Dissolve it in 20 mL of carbon tetrachloride, add 

25.0 mL of iodochl9ride TS, insert the stopper secljrely in the 
vessel; and allow it to stand at 25 ± 5° for 30 minutes,·protected 
from light. with occasional shaking. Then add, in the order named, 
20 mL of potassium iodide TS and 100 mL of recently boiled 
and cooled water,'and titrate the liberated iodine with 0.1 N 
sodium thiosulfate VS, shaking thoroughly after each addition of 
thiosulfate. When the iodine color becomes quite pale, add 3 mL 
of starch TS, and continue the titration with 0.1 N sodium thio­
sulfate VS until the blue color is discharged. Perform a blank 
test at the same time with the same quantities of the same re• 
agents and.in the same maimer (see Residual Ti/rations (541)). 
The difference between the volumes, in mL, of O.J N sodium 
thiosulfate consumed by the blank te~t and the actual test, mul­
tiplied by 1.269 a:nd divide.d by the weight in g of the sample 
taken, is the Iodine Value. . · 

Saponificatlon Value 
The Saponilication Value is the number of mg of potassium 

hydroxide required to neutr.aliJ:e the free acid~ and saponify the 
esters contained in 1.0 g of the substance. 

Procedare-Place 1.5 g to 2 g of the substance in a tared; 250-
mL flask, weigh accurately, and add to it 25.0 mL of 0.5 N 
alcoholic potassium hydroxide VS. Heat the flask on a steam 
bath, under a suitable condenser to maintain reflux for 30 min­
utes, frequently rotating the contents. Then add 1 mL of ph~ 
nolphthalein TS, and titrate the excess potassium hydroxide with 
0.5 N hydrochloric acid VS. Perform a blank determination at 
the same time, using the same amount of 0.5 N alcoholic potas­
sium hydroxide VS (see Residual Titrations (541)). The dif­
ference between the volumes, in mL, of 0.5 N hydrochloric acid . 
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consumed in the actual test and in the blank test, multiplied by 
28.05 and divided by the weight in g of specimen taken, is.the 
Saponification Value. · , 

If the oil has been saturated with carbon dioxide for the purpose 
of preservation, expose it in a shallow dish in a vacuum desiccator 
for 24 hours befo«: weighing the test specimens. 

Unsaponifiable Matter 
The term, Unsaponifiable Matter, in oils or fats, refers to those 

substances that aro not saponifiable by alkali hydroxides but are 
soluble in the ordinary fat solvents, and to products of saponifi­
cation that are soluble in such solvents. 

Procedill'e-Weigh 5.0 g of the oil oi fat into a 250-mL conical 
flask, add a solution of 2 g of potassium hydroxide in 40 mL of 
alcohol, and heat th.e flask on a steam bath under a suitable 
condenser to maintain reflux for 2 hours. Evaporate the alcohol 
ori a steam bath, dissolve the residue in 50 mL of hot water, and 
transfer the solution io a separator having a polytetrafluoroeth­
ylene stopcock, rinsing the flask with two 25-mL portions of hot 
water that are added to the separator (do not use grease on stop­
cock). Cool to room temperature, add a few drops of alcohol to 
facilitate the separation of the two liquids, and extract with two 
50-mL portions of ether, combining the ether extracts in another 
separator. Wash the combined extracts first with 20 mL of O.l 
· N sodium hydroxide, then with 20 mL of 0.2 N sodium hydroxide, 
and finally with 15-mL portions of water until the last washing 
is not reddened by the addition of 2 drops of phenolphthalein TS. 
Transfer the ether extract to a tared beaker, and rinse the sep­
arator with 10 mL of ether, adding the rinsings to the beaker. 
Evapof!lte the ether on a .steam bath just to dryn~s, and ~ry the 
residue at 100° for 30 uunutes. Cool the beaker m a desiccator 
for 30 minutes, and weigh the residue of Unsaponifiable Matter. 

Water and Sediment in Fixed Oils 
ApparaWS,:....Th.; preferred centrifuge has a diameter of swing 

(d - distance from tip to tip of whirling tubes) of 38 to 43 cm 
and is operated at a speed of about 1500 rpm. If a ~trifuge 
of different dimensions is used, calculate the .desired rate of rev· 
olntion by the formula: · 

rpm = .1.500 ,j40.6/d. 
· The centrifuge tubes are pear-shaped, and are shaped to accept 
closures. The total capacity of eacli tube is about 125 mL. The 
graduations are clear and distinct, reading upward from the bot­
tom of the tube according to the scale shown in .the a~mpanying 
table. 

Volume 
(mL) 

Oto 3 
3 to 5 
5 to 10 

10 to 25 
25 to so 
50 to 100 

Scale Division 
(mL) 

O.l 
0.5 
1.0 
5.0 

25.0 
50.0 

Procedme-Place SO.O mL of benzene in each of two centri­
fuge tubes, and to each tube add 50.0 mL of the oil, warmed if 
necessary to re-incorporate separated stearin, and thoroughly 
mi~ed at 25°. Tightly stopper the tube.s, and shake them vig­
orously until the conlents are thoroughly mixed, then immerse 
the tubes in a water bath at 50° for l O minutes. Centrifuge for 
10 minutes. Read the combmed volume of water and sediment 
at the bottom of each tube. Centrifuge repeatedly for 1 ~minute 
periods until the combined volume of water and sediment remains 
ooo,if~nt fnr l consecutive readings. Th,; ~,n:, nf Oie v,jJumr.~ nf 
oombjned water and sediment in the two tubes represents the 
percentage, by volume, of water and sediment in the oil. 

{411} FOLIC ACID ASSAY 
The following procedure is provided for the es~mation of_f ~lic 

acid as an ingredient of Pharmacopeial .preparations cont81Dlng 
other active oonstituents. 

l 
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Reference Standanl-USP Fo/ic Acid Reference Standard­
Do not dry; determine the water content at the time of use. 

Mobile Phase-Place 2.0 g of monobasic p0tassium phosphate 
in a I-liter volumetric flask, and dissolve m about 650 mL of 
water. Add 12.0 mL of a l in 4 solution of tetrabutylammonium 
hydroxide in methanol, 7.0 mL of 3 N pb~phoric acid, and 240 
ml of methanol. Cool to room temperature, adjust with either 
3 N phosphoric acid or 6 N ammonium hydroxide to a pH of 
7.0, dilute with water to volume, and mix. Filter through a 0.45-
µro filter, and recheck the pH before use. [NOTE-The meth· 
anal-to-water ratio may be varied by up to 3 percent and the pH 
may be increased up to 7.15 to achieve better separation.] 

Dilutuig SoJ,ent-Prepare as directed under Mobile Phase. 
Adjust to a pH of 7.0, and bubble nitrogen through the solution 
for 30 minutes before use. ., 

Inte:mal St.andard Solution-- Disso]ve about 25 mg of meth­
ylparaben in 2.0 mL of methanol, dilute with Diluting Solvent 
to 50 mL, and mix. 

Staodard Folic Acid Solutio.-Transfer about 12 mg of USP 
Folic Acid RS, accurately weighed, to a low-actinic, 50-mL vol­
umetric tlask, dissolve in 2 mL of ammonium hydroxide, dilute 
with Diluting Solvent to volume, and mix. 

Standard Prepantio-Transfer 2.0 ml of Standard Folk Acid 
Solution to a low-actinic, 25-mL volumetric flask, add 2.0 mL 
of Internal Standard Solution. ad~ Diluting Solvent to volume, 
and mix. · 

Assay Preparation-Transfer an accurately weighed or mea­
sured portion of the preparation to be assayed, containing about 
1 mg of folic acid, to a low-actinic, 50-mL volumetric flask, add 
4.0 mL of Internal Standard Solution, add Diluting Solvent to 
volilme, and mix. 

ChromatograpJiic Syslem (see Chromatography (621))-The 
liquid chromatograph is equipped with a 280-run detector and a 
IS-cm X 3.9-mm column that contains packing Ll. The flow 
rate is about 1.~ mL ~r .minut~- Chromatoi!:aph t~e S~a~rd 
!:'reparatton, ano reroro tne peu reS'J)Ollse as oll'CCteo•uoocr rr<>­
cedure: there is baseline separation offolic acid and methylpar­
aben. 

Procedure-Separately inject equal volumes (about 10 µL) of 
Standard Preparation and Assay Preparation into the chro­
matograph, record the chromatograms, and measure the re­
sponses for the major peaks. The relative retention times are 
about 0.8 for folic acid and 1.0 for methylparaben. Calculate 
the quantity, in µg, of C19H19N~6 in the portion of the prepa­
ration taken by the fonnula: 

S0C(Ru/ Rs), 

in which C is the concentration, in µg per mL, of USP Folic Acid 
RS in the Standard Preparation, and Ru and Rs are the ratios 
of the response of the folic acid peak to that of the methylparaben 
peak obtained from the Assay Preparation and the Standard 
Preparation, respectively. 

(421} HYDROXYPROPOXY 
DETERMINATION 

Refereace Stand~USP Metllylcellulose Reference Stan­
dard-Dry at 105° for 2 hours before using. Keep container 
tightly closed. 

Apparatus-The apparatus for hydroxypropoxy group deter­
minations is shown diagrammatically in Figure I. The boiling or 
reaction flask, D, consisting of a 25-mL conical-bottom micro 
boiling flask modified to provide a side-arm outlet, is fitted with 
an aluminum foil-jacketed Vigreaux column, E, 95 mni Jong and 
with an adapter bleeder tube, C, having a 0.25- to ~.25-mm cap­
illary tip through the neck and to the bottom of the flask for the 
introduction of steam and nitrogen. A steam generator, B, con­
sisting of a 25- X 150-mm test tube and a gas inlet tube with a 
0.25- to 1.25-mm capillary tip is attached to the bleeder tube, C, 
.while a microcondenser with a 100-mm jacket, F, is attached to 
the Vigrcaux column, E. The reaction flask and the steam gen­
erator are immersed in an oil bath, A, equipped with an electric 
heater capable of heating the bath at the desired rate and main• 
taining the temperature at 155°. The distillate is C!>llected in a 

C 

A 

Fig. 1. Apparatus for Hydroxypropoxy Determination. 

125-mL graduated conical flask, G, titted with a glass stopper. 
Procedure-Transfer about 100 mg of Hydroxypropyl Meth­

ylcellulose, previously dried at 105° for 2 hours arid accurately 
weighed, into flask D, and add IO mL of chromium trioxide 
solution (60 gin 140 mL). Fill the steam generator, B, with water 
to the bottom of the standard-taper joint, then assemble the ap­
paratus as shown in the diagram. Immerse the steam generator 
and sample flask in the oil bath to the level of the chromium 
trioxide solution. Start the condenser cooling water, and pass 
nitrogen gas through the flask .at a rate of l bubble per second. 
Raise the temperature of the oil bath to l 55° during a 3~minute 
period, and maintain it at this temperature throughout the de­
termination. [NOTE- Too rapid an initial rise in temperature 
results m fugil blanks.] Distil untii 50 mL of the riisti1iate has 
been collected. Detach the condenser, F, from the Vigreaux col• 
umn, E, and wash with water, collecting the washings in the 
graduated conical flask containing the distillate. Titrate the so­
lution with 0.02 N sodium hydroxide VS to a pH of 7.0 ± 0.1, 
using an expanded-scale pH meter equipped with glass and cal­
omel electrodes. Rcoord the volume, V; of the 0.02 N sodium 
hydroxide used, then add 500 mg of sodium bicarbonate and 10 
mL of 2 N sulfuric acid. After·evolution of carbon dioxide has 
ceased, add 1 g of potassium iodide, insert the stopper in the 
flask, shake the mixture, and allow the solution to stand in the 
dark for 5 minutes. Titrate the liberated iodine with 0.02 N 
sodium thiooutfate VS to the sharp disapl)earanCC of the yellow 
iodine color, adding a few drops of starch TS to confirm the end­
point, and record the volume, Y, required. This titration, Y mL, 
multiplied by the empirical factor, K, appropriate to the partic­
ular apparatus and reagents in use, gives the acid equivalent not 
caused by acetic acid. The acetic acid equivalent is (V - KY) 
mL of 0.02 N sodium hydroxide. 

Empirical Factor, K--Obtain the empirical factor, K, for each 
apparatus by performing a blank determination in which the cel­
lulose ether is omitted. The acidity of the blank for a JPVen 
apparatus and given reagents is.in a fixed ratio to the oxidizing 
equivalent of the distillate iri terms of sodium thlosulfate: 

K factor = (Vb X N1)/(Yb X Ni), in which 

Vb - mL of 0.02 N sodium hydroxide required in blank run, 
N1 .., normality of the 0.02 N sodium hydroxide, 
Y6 = mL of 0.02 N sodium thiosulfate required in blank run, 

and . 
Nz . = rtormality of the 0.02 N ~odiw.a thiosulfate. 

Methylcellulose blank-Condu<;t severa) oeterminations using 
USP MethylceUulose Reference Standard as directed above in 
the Procedure. Calculate the percentage of uncorrected liy­
drcixypropoxy group as follows: · 

OCH2CHOHCH3 percent (uncorrected) -
(((V ..Nt - KY0N,) X 0.075]/W) X 100, in which 

V0 = mL of 0.02 N sodium hydroxide required for titration of 
the sample, 
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N1 = normality of the 0.02 N sodium hydroxide, 
K = empirical factor, 
Ya = mL of 0.02 N sodium thiosuJfate required for titration of 

the sample, 
N2 = normality of the 0.02 N sodium thiosulfate, and 
W - g of sample used. 

Calculate the corrected percentage of hydroxypropoxy group 
by subtracting the percentage or OCH2CHOHCH3 obtained in 
the Methylcellufose blank determination from the percentage of 
the uncorrected hydroxypropoxy group calculated above. 

The results obtained as percentage of hydroxypropoxy content 
may be converted to terms of average molecular substitution of 
glucose units by means of the accompanying graph (Figure 2). 

6.0 

20 40 60 80 100 
% SUBSTITI.JENT, -OCH1CHOHCH3 • BY WEIGHT 

Fig. 2. Graph for Converting Percentage of Substitution, by 
Weight, of Hydroxypropoxy Groups to Molecular Substitution 

per Glucose Unit. 

(425) IODOMETRIC ASSAY­
ANTIBIOTICS 

The following method is provided for the assay of most of the 
Pharmaco.eeial penicillin antibiQtic drugs and their dosage forms, 
for which 1odometric titration is particularly suitable. 

Standard Preparation-Dissolve in the solvent specified in the 
table of Solvenls and Final Ccru:entrations a suitable quantity 
of the USP Reference Standard specified in the individual mono­
graph, previously dried under the conditions specified in the in­
divtdual monograph and accurately weighed, and dilute quanti­
tatively and stepwise with the same solvent to obtain a .solution 
having a known concentration of about that specified in the table. 
Pipet 2.0 mL of this solution into each of two 125-mL glass­
stoppered conical flasks. 

Solvents and Final Concentrations 

Antibiotic 

Amoxicillin 
AmpiciJlin 
Ampicillin Sodium 
Cloxacillin Sodium 
Cyclacillin 
Dicloxacillin Sodium 
Methicillin Sodium 
Nafcillin Sodium 
Oxacilllil Sodium 
Penicillin G Potassium 
Penicillin G Sodium 
Penicillin V Potassium 
Phenethicillin Potassium 

Solvent• 

Water 
Water 

Buffer No. l 
Water 
Water 

Buffer No. 1 
Buffer Nu. J 
Buffer No. I 
Buffer No. 1 
Buffer No. I 
Buffer No. J 
Buffer No. I 
Buffer No. ] 

Final 
concentration 

l.Oing per mL 
1.25 mg per mL 
1.25 mg per mL 
1.25 mg per mL 
1.0 mg per mL 
1.25 mg per mL 
1.25 ll}S ~f lliL 
1.25 mg permL 
J.25 mg per mL 

2,000 units per mL 
2,000 units per mL 
2,000 units per mL 
2,000 units per mL 

. • Unless otherwise noted, the Buffers are the potassium phos­
phate buffers defined in the section Media and Diluents under 
Antibiotics- Microbial Assays (81), except tbat sterilii.ation is 
not required before use. 

Assay Prcpantion-Unless otherwise specified in the individ­
ual monograph, dissolve in the solvent specified in the table of 
Solvems and Final Concentrations a suitable quantity, accurately 
weighed, of the specimen under test, and .dilute quantitatively 
with the same solvent to obtain a solution having a known final 
concentration of about that specified in the table. Pipet 2 mL 
of this solution into each of two l25-mL glass-stoppered conical 
flasks. 

Proced~ 
Inactivation and titration-To 2.0 mL of the Standard Prep­

aration and of the Assay Preparation, in respective flasks, add 
2.0 mL of 1.0 N sodium hydrorjde, mix by swirling, and allow 
to stand for 15 minutes. To each flask add 2.0 mL of l.2 N 
hydrochloric acid, add I 0.0 mL of 0.01 N iodine VS, immediately 
insert the stopper, and allow to stand for 15 minutes. Titrate 
with 0.01 N sodium t.hiosulfate VS. As the end-point is ap­
proached, add I drop of starch iodide paste TS, and continue the 
titration to the discharge of the blue color. 

Blank determinatlon--To a flask containing 2.0 mL of the 
Standard Preparatwn add 10.0 mL of 0.01 N iodine VS. If the 
Standard Preparation contains amoxicillin or ampicillin, imme­
cliately add 0.1 mL of 1.2 N hydrochloric acid. Immediately 
titrate with 0.01 N sodium tbiosulfate VS. A$ the end-point is 
approached, add l drop of starch iodide paste TS, and continue 
the titration to the discharge of the blue color. Similarly treat 
a flask containing 2.0 mL of the Assay Preparation. 

ca/culatioll.S'--Calcula.te the microgram (or unit) equivalent 
(F) of each mL of 0.01 N sodium thiosulfate consumed by the 
Stan4ard Preparation by the formula: 

(2CP)/(B - I), 

in which C is the concentration, in mg per mL, of Reference 
Standard in the Standard Preparation, P is the \X)tency, in µg 
(or units) per mg, of the Reference Standard, B IS the volume, 
in .mL, of 0.01 N sodium thiosulfate consumed in the Blank 
determination, a::d l !s .the volume, i;: mL; cf 0.01 N sodium 
thiosulfate consumed in the Inactivation and titration. Calculate 
the potency of the specimen under test by the formula given in 
the individua.1 monograph. 

(431) METHOXY. 
DETERMINATION 

Apparatus-The apparatus for metbo~ determination is shown 
diagrammatically in the accompanying figure. The boiling flask, 
A, is fitted with a capillary side-arm for the introduction of carbon 
clioxide or nitrogen and is connected to a column, B; which serves 
to separate aqueous hydriodic acid from the more volatile methyl 
iodide. The methyl iodide passes through water in a scrubber 
trap, C, and is finally absorbed in the bromine-acetic acid solution 
in absorption tube D. The carbon diorjde or nitrogen is intr~ 
duced through a pressure-regulating device and connected to the 
apparatus by a small capillary containing a smaJl cotton pledget. 
[NOTE-Avoid the use of organic solvents in cleaning this ap­
paratus, since traces remaining may. interfere with the determi­
nation. This test is used also for ethoxy deterntination with an 
80-minute reaction time and a titrant equivalent of 0.751 mg of 
(OC2H5).] 

For greater convenience in use and cleaning, a ground-glass 
ball joint connects the two upright columns of the apparatus. 
The top of the scrubber C conSJsts of a 35/20 ball joint, the upper 
half of which is connected to the side-arm leading into tube D . . 
This permits taking the apparatus apart and facilitates adding 
the water to the trap. Also, it allows acceSli to the loose inverted 
(10-mm) test tube t.h:lt serves :is t.hr. tfap over thr. int)r.r tube.of 
the scrubber C. 

Reagents--
BROMINE-ACETIC ACID SOLUTION-Dissolve 100 g of potas­

sium acetate in 1000 mL of a solution consisting of 900 mL of 
glacial acetic acid and lOO mL of acetic anhydride. On the day 
of use, to 145 mL of this solution add 5 mL of bromine . 

HYl>RIODIC ACID--A colorless, or nearly colorless, constant­
boiling reagent solution, prepared for this purpose, is available 
commercially. If not obtained commercially, it may be prepa~d 
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Apparatus for Methoxy Determination 

by disWling hydriodic acid over red phosphorus, passing carbon 
dtoxide or nitrogen through the apparatus during the distillation. 
Use the constant-boiling mixture (between 55% and 58% of HI) 
distilling between 126° and 127°, which is colorless or nearly 
colorless. (Cautlorr-Exercise safety precautions when distilling 
hydriodic acid.) Place the acid in small, amber, glass-stoppered 
bottles previously flushed with carbon dioxide, or nitrogen, seal 
with paraffin, and store in a cool, dark place. · 

Procedure-Prepare the apparatus by disconnecting the ball 
joint and pouring water into trap C until it is half-full. Connect 
the two parts, using a minimal amount of a suitable silicone grease 
to seal the ball joint. Add 7 mL of Bromine-Acetic Acid Solution 
to absorption tube D. Weigh the samplt: in a tarr.d gelatin r.ap­
sule, and add it to the boiling flask along with a few boiling chips 
or pieces of porous plate. Finally add 6 mL of Hydriodic Acid 
and attach the flask to the column, using a minimal amount of 
a suitable silicone grease to seal the junction. Bubble the carbon 
dioxide or nitrogen through the apparatus at the rate of 2 bubbles 
per second, place the boiling flask: in an oil bath or beating mantle 
heated to 150°, and continue the reaction for 40 minutes for 
methoxy determination, or 80 minutes for ethoxy determination. 
Drain the contents of the absorption tube into a 500-mL conical 
flask containing l 0 mL of sodfam acetate solution (1 in 4). Rinse 
the tube with water, adding the rinsings to the flask, and finally 
dilute with water to about 125 mL. A<id. fornuc acia, dropwise, 
with swirling, until the reddish brown color of the bromine is 
discharged, then add 3.additional drops. A total of 12 to 15 drops 
usually is required. Allow to stand for 3 minutes, and add 15 
mL of diluted sulfuric acid and 3 g of potassium iodide, and 
titrate immediately with 0.1 N sodium thiosulfate VS, using 3 
mL of starch TS as the indicator. Perform a blank determination, 
including also a gelatin capsule, and make any necessary correc­
tion. Each mL of 0.1. N sodium thiosulfate is equivalent to 0.517 
mg of (OCH3). 

(441) NIACIN OR 
NIACINAMIDE ASSAY 

Referenc:e Standard~USP Niacin Reference Standard-Dry 
at 105° for I hour before using. USP Niaclnamide Reference 
Standard-Dry over. silica gel for 4 hours before using. [NOTB­
Tbe previously dried Reference Standards maf be stored in a 
desiccator over silica gel, protected. from light. 

Chemical Method 
NOTE-Deterin.fue from the labeling if the vitamin in the assay 

specimen is niacin or niacinamide, and use the corresponding 
standard preparation (either Standard Niacin Preparation or 
Standard Nlactnamide Preparation) as directed in the Proce­
dure. 

Cyanogen Bromide Sol11tio1J-Dissolve 5 g of cyanogen bro­
mide in water to make SO mL. (Caution-Prepare this solution 
under a hood, a.r cyaoogen bromide volatilizes at room temper­
atu,e, and the vapor is highly irritating and poisonowi.) 

Sulfanlllc Acid Solution-To 2.5 g of sulfanilic acid add 15 
mL of water and 3 mL of 6 N ammonium hydroxide. Mi.A, !ldd, 
with stirring, more 6 N ammonium hydroxide, if necessary, until 
the acid dissolves, adjust the solution with 3 N hydrochloric acid 
to a pH of about 4.5, u~ing bromocresol green TS as an external 
indicator, and dilute with water to 25 mL. 

Standard Ni.lcln Stock Sollltio~Transfcr 25.0 mg of USP 
Niacin RS to a 500-mL volumetric flask, dissolve in alcohol so­
lution (l in 4), dilute with alcohol solution (I in 4) to volume, 
and mix. Store in a refrigerator. Each mL of this solution con­
tains 50 µ.g of USP Niacin RS. 

Standard Niacin Preparation-Transfer 10.0 mL of Standard 

.... 
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Reaction Mixtures for Niacin or Niaclnamlde Assay-Chemical Method 
Constituent 

Standard Preparation 
Assay Preparation 
Ammonia Dilution (ammonium 

hydroxide, diJuted to l in SO) 
Water 
Cyano~en Bromide Solution 
Sulfamlic Acid Solution 
Hydrochloric Acid 

Tube 1, mL 

1.0 

0.5 
6.5 

2.0 
1 drop 

Niacin Stock Solution to a 100-mL volumetric flask, dilute with 
water to volume, and mix. Each mL of this solution contains S 
µg of USP Niacin RS. 

Standard Niacinamide Stock Soludon-Transfer S0.0 mg of 
USP Niacinamide RS to a 50~mL volumetric flask, dissolve in 
alcohol solution (J in 4), dilute with alcohol solution (1 in 4) to 
volume, and mix. Store in a refrigerator. Each mL of this so­
lution contains 100 µg of USP Niacinamide RS . . 

Studard Niacillamide Preparatlo~Transfer 10.0 mL of 
Standard Niactnamide Stock Solution to a 100-mL volumetric 
Oask, dilute with water to vo]ume, and mix. Each mL of this 
solution contains 10 p.g of USP Niacinamide RS. 

Assay Pre,aration-Prepare as directed in the individual 
monograph. 

Procedur~Pipct into four marked tubes the quantities of the 
appropriate Standard Preparation, the Assay Preparation, the 
ammonia dilution, and water indicated in the accompanying ta­
ble. Then add the other constituents, respectively, as listed in 
the table, according to the directions given herein. 

To Tube I add the Su/fanilic Acid Solution, shake well, add 
the hydrochloric acid, mix, place in a suitable spectrophotometer, 
and adjust to zero absorbance at 450 run. To Tube 2 add the 
CyaMgen Bromide Solution, mix, and 30 seconds, accurately 
tirue<l, ufter completion of I.ht. #iddiiion of the cyanogen bromide 
add ~e ~ulf anilic Acid Solution, with swirling. Close the tube, 
place 1t in the spectrophotometer, and after 2 minutes measure 
its absorbance at 450 run against Tube 1 as a blank, designating 
the absorbanee as As. Repeat the procedure with Tubes 3 (as 
blank) and 4, designating the absorbance of Tube 4 as Ac,. Cal­
culate the quantity of niacin or niacinamide in the sample as 
directed in the individual monograph. 

Microbiological Method 
Test Solution of Material to be Assay~Place the prescribed 

a01ount of the material to be assayed in a tlask of suitable size, 
and proceed by one of the methods given below. The concentra• 
lions of thci sulfuric acid and sodium hydro~de solutions used 
are not stated in each instance because these concentrations may 
be varied depending _upon the amoU!lt of material taken for assay, 
volume of test solution, and buffenng effect of material. 

(a) For Dry or Semidry Materials that Contain No ApRre­
ciab/e Amount of Basic Substances-Add a volume of ddute 
sulfuri~ acid (l in .15) eq,ual,. in mL; to not less ~an JO t~mes the 
dry weight of the material, in g, but the resulting solution shall 
contain not more than 5.0 mg of niacin in each mL. If the ma­
terial is not readily soluble, comminute it so that it may be evenly 
dispersed in the liquid, then agitate vigorously, and wash down 
the sides of the flask with dilute sulfuric acid (1 in 35). 

Heat the mixture in an autoclave at 121 ° to 123° for 30 min­
utes, and cool. If lumping occurs, agitate the mixture until the 
partic]es are evenly dispersed. Adjust the mixture with sodium 
hydroxide solution to a pH of 6.8, dilute with water to make a 
final measured volume that has a concentration of macm equiv­
alent to. that of Standard Niacin Solution, and filter. 

(b) For Dry orSemidry Materials that Coltlain Afpreciah/e 
All?Ount.r of Basic Suh.rtanctt.J-Add sufficient sulfuric acid .so­
lutlon to bring the pH of the mixture to between S.O and 6.0. 
Add such an ~ount. of water that. the !otal volume of liquid 
shall be equal !D mL to not less than ten umea the dry weight of 
the assay specunen, in g, but the resulting solution shall contain 
not more than 5.0 mg of niatjn in each mL. Then add the equiv­
al~t o_f 10 mL of dilute sulfuric acid (2 in 7) for each 100 mL 
of hqu1d, and proceed as directed under (a), beginning'with the 
second paragraph. · 

Tube 2, mL Tube 3, mL Tube 4, mL 
1.0 

0.5 
1.5 
5.0 
2.0 

1.0 

o.s 
6.5 

2.0 
1 drop 

1.0 

0.5 
1.5 
5.0 
2.0 

(c) For liquid Material~Adjust the material with either 
sulfuric acid solution or sodium hydroxide solution to a pH of 
5.0 to 6.0. Add such an amount of water that the tota] volume 
of liquid shall be equal, in mL, to not l~s than 10 times the 
volume of the specimen, in ml, but the resulting solution shall 
contain not more than S.0 mg of niacin in each mL. Then add 
the equivalent of JO mL of dilute sulfuric acid (2 in 7) for each 
mL of liquid, and proceed as dfrected under (a), beginning with 
the second paragraph. 

Sta.lldarcl N"Ltcl■ Stock Solution I-Transfer 50.0 mg of USP 
Niacin RS to a 500-mL volumetric flask, dissolve in alcohol, 
dilute with alcohol to volume, and mix. Store in a refrigerator. 
Each mL of this solution contains 100 µg of USP Niacin RS. 

Standard Niacin Stock Solution ll-To 100.0 mL of Niacin 
Stock Solution I add water to make 1000.0 mL. Store under 
toluene in a refrigerator. Each mL of this solution contains 10 
µg of USP Niacin RS. 

Standard Niact. Solution-Dilute a suitable volume of Niacin 
Stock Solution ll with water to such a measured volume so that 
after incubation as described in the Assay P,ocedure the trans­
mittance of the S.0-mL Jevel of s,andard Niacin Solution is 
equivalent to that of a dried cell weight of not less than 1.25 mg, 
when the inoculated blank is set at 100 percent transmittance. 
This concentration is usually between 1C ng and ~ u.g vf niacin 
per mL. Prepare a fresh Standard Niacin Solution for each 
assay. 

Basal Medium Stock Solution-
Acid-hydrolyzed Casein Solution .................... . 
Cystine-Tryptophan Solution . . ............. . ........ . 
Dextrose Anhydrous ................................ . 
Sodium Acetate Anhydroll6 .........................• 
Adenine-Guanine-Uracil Solution ................... . 

2SmL 
25 mL 
10 g 
5g 
5 mL 

Riboflavin-Thiamine Hydrochlorido-Biotin 
Solution . , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 mL 

Aminobenzoic Acid-Calcium Pantothenate-Pyridoxine 
Hydrochloride Solution . . • . . . . . . . . . . . . . . • . . . . . . . 5 mL 

Salt Solution A . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . • • 5 mL 
Salt Solution B... ... ... . ... .. .. . .... ... .. ... . . . .. ... 5 mL 

Dissolve the anhydrous dextrose and sodium acetate in the 
solutions previously mixed, and adjust with 1 N sOlllum hydroxide 
to a pH of 6.8. Finally, add water to make 250 mL. 

Acid-Hydrolyzed Casehl Solud-011-Mix 100 g of vitamin-free 
casein with 500 mL of constant-boiling hydrochloric acid [ap­
proximately 20 percent {w/w) HCIJ, and reflux the mixture for 
24 hours. Reinove the hydrochlonc acid from the mixture by 
distillation under reduced pressure until a thick paste remains. 
Redissolve the resulting paste in water, adjust the solution with 
l N sodium hydroxide to a pH of 3.5 (±0.1). and add water to 
make 1000 rnL. · Add 20 g of activated charcoal, stir for l hour, 
and filter. Repeat the treatment with activated charcoal if the 
filtrate does ·not appear straw-colored to colorless. Store under 
toluene in a refrigerator. Filter the solution if a precipitate fonns 
upon storage. 

Cystlne-Ttyptopban Sollltioa:-Suspend 4.0 g of /-cystine and 
l.U g of t-tryptophan (or '.t.U g ot d/-tryptophanj in 70-0 lo 800 
mL of water, heat to 70° to 80°, and add the 20 percent (w/w) 
hydrochloric acid, dropwise, with stirrilig, until the solids are 
dissolved. Cool, and add water to make I 000 mL. Store under 
tolnc0t: in a refrigerator at a temperature not below 10°. 

Adeoine--Guanine-Uncll Solution-Dissolve 100 mg each of 
adenine sulfate, guanirie hydroch]oride, and uracil, with the aid 
of heat, in 5.0 mL of the 20 percent (w/w) hydrochloric acid, 
cool, and add water to make 100 mL. Store under toluene in a 
refrigerator. 
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RiboOavln-Tbiami.ne Hydrochloride-Biotin SolutJ~Prepare 
a solution containin~, in each mL, 20 µg of riboflavin, 10 µg of 
thiamine hydrochlonde, and 0.04 .U$ of biotin by dissolving crys­
talline riboflavin, crystalline thiarnme hydrochloride, and crys­
talline biotin (free acid) in dilute glacial acetic acid (I in 850). 
Store, protected from light, under toluene in a refrigerator. 

Amlnobenzo~c Acid-Calcium PantotbenaCe-Pyridoxine Hydro• 
chloride Solatioa-Prepare a solution of neutral 25 percent al­
cohol having a concentration of 10 µg of aminobenwic acid, 20 
µg of calcium pantothenate, and 40 µg of pyridoicine hydrochlo-
ride per mL. Store in a refrigerator. · 

Salt Sobttion A-Dissolve 25 g of monobasic potassium phos­
phate and 2S g.of dibasic potassium pboophate in water to make 
500 mL. Add 5 drops of hydrochloric acid, and store under 
toluene. · · . · . 

Salt Solution B--Dissolve JO g of magnesium sulfate. 500 mg 
of sodium chloride, S00 mg of ferrous sulfate, and 500 mg of 
manganese sulfate in water to make 500 mL. Add 5 drops of 
hydrochloric acid, and store· under toluene. 

Stock CulCure of ~tobadllu plantan,m--Dissolve 2.0 g of 
wateMolublc yeast extract in 100 mL of water, add 500 mg of 
anhydrous dextrose, 500 mg of anhydrous sodium acetate, and 
1.5 g of agar, and heat the mixture with stirring, on a steam bath, 
until the agar d.isaolves. Add approximately 10.mL portions of 
the hot solution to test tubes, plug the tubes with cotton, sterilize 
for 15 minutes in an autoclave at 121 ° to l 23 •, and allow the 
tubes to cool in an upright position. Prepare stab cultures in 
three or more of the tubes, usmg a pure culture of Lactobacillus 
plantarum,• incubating for 16 to 24 houn at any selected tcm­
peratu.re between 30° and 37°, but held constant to within ±0.5°, 
and finally store in a refrigerator. Prepare a fresh stab of the 
stock culture every week, and do not use for inocuJum if the 
culture is more than 1 week old. 

Calture Medhlm--To each or a series of test tubes containing 
5.0 mL of the Basal Medium Stock Solution add 5.0 mL of 
water containing 1.0 JI.fl. of niacin. Plug the tubes with cotton, 
sterilize for 15 minutes in a.n autoclave at 121 v to 123°, a.nd cool. 

lnoculum--Mak~ a transfer of cells from the stock culture of 
Lactobacillus plantarum to a sterile tube containing 10 mL of 
culture medium. Incubate this culture for 16 to 24 hours at any 
selected temgerature between 30° and 37°, but held constant to 
within ± 0.5 . The cell suspension so obtained is the inoculum. 

Calibration of Spectropllotometu-Add aseptica1ly l mL of 
Inoculum to ap_proximately 300 mL of Culture Medium con­
taining I mL of Star1dard Niacin Solution. Incubate the inoo­
ulated medium for the same period and at the same temperature 
to be employed in the Assay Procedure. 

Followmg the incubation period, centrifuJe and wash the cells 
three times with approximately 50.mL portions of saline TS, and 
then resuspend the cells in about 25 mL of the saline solution, 
. Dry to constant weight a 10-mL portion, accurately.measured, 

using a steam bath and completing the drying in vacuum at 100°, 
and calculate the dry weight of the cells, in mg per mL, corrected 
for the amount of sodillID chloride p~nt. 

Dilute a second portion, accurately measured, of the saline oell 
suspension with the saline solution so that each mL contains a 
known quantity of cells equivalent to 500 µg on a dried basis. 
To test tubes add, in triplicate, 0.5 mL, 1.0 mL, l.5 mL, 2.0 mL, 
2.5 mL, 3.0 mL, 4.0 mL, and 5.0 mL, respectively, of this diluted 
cell suspension and 5.0 mL of Basal Medi~m Stock SolutlorJ, 
and make the volume in each tube to 10.0 mL with saline solution. 
Using as the blan~s three similar tubes containing no cell sus­
pension, measure the light transmittance of each tube under the 
same conditions to be employed in the assay. Plot the observa­
tions as tbe ordinate on cross-section paper against the cell con­
tent, expressed as mg of dry weight, as the abscissa. 

Repeat this procedure at least twice for the a~ctrophotometer 
to be used b1 the assay. Draw the composite curve best repre­
senting the three or more individ\1.111 curves relating transmittance 
to cell density for the spectrophotometer under the conditions of 
the assay. 

Assay Procedure-Prepare saindard niacin tubes as follows: 
To test tubes add, in duplicate, 0.0 mL, 0.5 mL, 1.0 mL, 1.5 mL, 

• Pure cultures of l.Actobacif/us plantarum may be obtained, 
as number 8014, from the the American Type Culture Collection, 
12301 Parklawn Drive, Rockville, MD 20852. 
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2.0 mL, 2.5 mL, 3.0 mL, 3.5 ml, 4.0 mL, 4.5 mL, and 5.0 mL, 
respectively, of Standard Niacin Solution. To each tube add 5.0 
mL of Basal Medium Stock Solution and water to make 10.0 
mL. 

Prepare tubes containing the material to be assayed as follows: 
To test tubes add, in duplicate, 1.0 mL, 2.0 mL, 3.0 mL, and 
4.0 mL, respectively, of the test solution of the material to be 
assayed. To each tube add 5.0 m.L of Basal Medium Stock 
Solution and water to make 10.0 mL. After mixing, plus the 
tubes with cotton or cover with caps, and sterilize in an autoclave 
at 121 ° to 123°. (Overheating the assay tubes may produce 
unsatisfactory results.) Cool, aseptically inoculate each tube with 
l drop of /11ocul11m, and incubate for 16 to 24 hours at any 
selected temperature between 30° and 37°, but held constant to 
within ±0.5 . Contamination of the assay tubes with any foreign 
organigm invalidates the assay. · 

Determine tho transmittance of the tubes in the following man­
ner. Mix the contents of each tube, lo which l drop of a suitable 
antifoam agent solution may be added, and transfer to an optical 
COJltainCT. After agitating its contents, place the container in a 
spectrophotometer that bas been set at a specific wavelength 
between 540 nm and 660 nm, and read the transmittance when 
a steady state is reached. This steady state is observed a few 
seconds after agitation when the reading remains comtant for 30 
seconds or more. Allow approximately the same time interval 
for the reading on each tube. 

With the transmittance set at 1.00 for the uninoculated blank, 
read the transmit1a.nce of the inoculated blank. If this trans­
mittance reading corresponds to a dried cell weight greater than 
600 µ.g per tube, or if there is evidence of contamination with a 
foreign microorganism, disregard the results of the assay. 
. Then with the transmittance set at 1.00 for the inoculated 
blew., read the transmittance for each of the remaining tubes. 
Disregard the results of the assay if the difference between the 
transmittance observed at the highest level of the standard and 
that of the inoculated blank is less than Ille difference COITl>­
sponding to a dried cell weight of 1.25 mg per tube. 

uicuiaiio»-Prepare a ~landard curve of th~ niacin standard 
transmittances for each level of Standard Niacin Solution plotted 
against µg of niacin contained in the res:pective tubes. From this 
standard curve, detennine by interpolation the niacin content of 
the test solution in each tube. Disregard transmittance values 
equivalent to less than 0.5 mL or more than 4.5 mL of Standard 
Ntactn Solution. The niacin content of the test material is cal­
culated from the average values obtained from not less than six 
tub'es that do not vary by more than ± l O percent from the av­
erage. If the transmittance values of less than six tubes contain­
ing the test solution are within the range of the 0.5- to 4.5-mL 
levels of the niacin standard tubes, the data are insufficient to 
permit calculation of the concentration of niacin in the test ma­
terial. T-ransmittS:nce values of inoculated blank e.xceeding read­
ings corresponding to dried cell weights of more than 600 µ.g per 
tube indicate the presence of an excessive amount of niacin in 
the Basa/ Medium Stock Solution and invalidate the assay. 

Multiply the values obtained by 0.992 if the results are to be 
exp~ as niacinamide. 

(451} NITRITE TITRATION 
The following genera] method is provided for the determination 

of most of the Phanhacopeial sulfonamide drugs and their dooage 
forms, as well as of other Pharmacopeial drugs for which nitrite 
titration is particularly suitable. 

Refereme Standard-USP Suljanilamide Reference Stan­
dard-Dry at 105° for 3 hours before using. Keep container 
tightly closed and protected from lighL 

Procedwe-Weigh accurately about 500 mg in the case of a 
sulfonamide, or otherwise the quantity specifieo lO the md1viduai 
monograph, and transfer to a suitable open vessel. Add 20 mL 
of hydrochloric acid and 50 mL of water, stir until dissolved, cool 
to about 1S0

, and slowly titrate with 0.1 M sodium nitrite VS 
that previously has been standardized against USP Sulfanilamide 
RS. . 

Determine the end-point clectrometricaJly, using suitable elee> 
·trodes (platinum-calome] or platinum-platinum). Place the buret 
tip befow the surface of the ~ lution to eliminate air oxidation of 
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the sodium nitrite, and stir the solution gently, using a magnetic 
stirrer, without pulling a vortex of air under the surface, main­
taining the temperature at about 15°. The titration may be car­
ried out manually, or by means of an auto.matic titrator. In per­
forming it manually, add the titrant until the titration is within 
l mL of the end-point, and then add it in 0.1-mL portions, al­
lowing not Jess than l minute between additions. (The instrument 
needle deflects and then returns to af proximately its original 
position until the end-point is reached. 

The weight, in mg, of the substance to which each mL of 0.1 
M sodium nitrite VS is equivalent is as stated in the individuaJ 
monograph. . . 

For the assay of Tablets of the sulfonamides or other drugs, 
reduce not less than 20 tablets to a fine powder, weigh ae<:urately 
a portion of the powder, equivalent to about 500 mg if a sulfon­
amide, or the quantity of drug specified in the individual mono­
graph, and proceed as directed in the foregoing, beginning with 
''.transfer to a suitable open vessel!' 

For the assay of Injections and other liquid forms where the 
nitrite titration is specified, pip et a portion, equivalent to about 
500 mg if a sulfonamide, or the quantity of drug specified in the 
indi".iduaJ JD_onograph, in~ a su1~bl~ op~ ves.sel, and proceed 
as directed Ill the foregoing, begmrung with « Add 20 mL of 
hydrochloric: acid." · 

{461) NITROGEN 
DETERMINATION 

Some alkaloids and other nitrogen-containing organic com­
pol!nds ~ail to yield all of their nitrogen upon digestion with sul­
func acid; therefore these methods cannot be used for the de­
termination of nitrogen in all organic compounds: 

Method I· 
Nitrates and Nitrites Absent-Place about 1 g of the substance, 

accurately weighed, in a 500-mL K;jeldahl flask of hard borosil­
icate glass. The material to be tested, if.solid or semisolid, may 
be wrapped in a sheet of nitrogen-free filter paper for convenience 
in transferring it to the flask. Add 10 g of powdered potassium 
sulfate or anhydrous sodium sulfate, 500 mg of powdered cupric 
sulfate, and 20 mL of sulfuric.acid. Incline the flask at an !lngle 
of about 45°,.and gently beat the mixture, keeping the temper­
ature below the boiling point until frothing has ceased. Increa~ 
the beat until the acid boils briskJy, and continue the heating 
until the solution has been clear green in e-0lor or almost colorless 
for 30 minutes. Allow to cool, add 150 mL of water, mix the 
contents of the flask, and again cool. Add cautiously 100 mL of 
sodium hydroxide solution (2 in 5), in such manner as to cause 
the solution to flow down the inner side of the flask to form .a 
layer under the acid solution. Immediately add a few pieces of 
granulated zinc, and without delay connect the flask to a Kjeldahl 
connecting bulb (trap), previously attached to a condenser, the 
delivery tube from which dips beneath the sµrface of 100 mL of 
boric acid solution ( I in 25) contained in a conical flask or a 
wide-mouth bottle or about S00-mL capacity. Mix the contents 
of the Kjeldahl flask by gentle rotation, and distil until about 
four-fifths of the contents of the flask bas distilled over. Add not 
less than 3 drops of methyl red-methylene blue TS to the contents 
of the receiving vessel, and determine the ammonia by titration 
with 0.S N sulfuric acid VS. Perform a blank determination, and 
make any necessary correction. Each mL of 0.5 N sulfuric acid 
VS is equivalent to 7.003 mg of nitrogen. .. 

When the nitrogen content of the substance is known to be 
low, the 0.5 N sulfuric acid VS may be replaced by 0.1 N sulfuric 
acid VS. Each ir.L of 0.1 N &ulfuric acid VS is equivalent to 
1..401 mg of nitrogen. · 

Nitrates and Nitrites Present-Place a quantity of the sub­
stance, accurately weighed, corresponding to about 150 mg of 
nitrogen, in a 500-mL Kjeldabl flask of hard borosilicate glass, 
and add 25 mL of sulfuric acid in which 1 g of salicylic acid 
previously has been dissolved. Mix the contents of the flask, and 
allow the mixture to stand for 30 minutes with frequent aha.ling. 
To the mixture add S g of powdered sodium tbiosµtf ate, again 
mix. then add 500 mg of powdered cupric sulfate; and p~ 
as directed under Nitrates and Nitrites Absent, beginnisg with 
"Incline the flask at an angle of about 45°:' 

When the nitrogen content of the substance is known to exceed 
10%, 500 mg to l g of benzoic acid may be added, prior to 
digestion, to facilitate the decomposition of the substance. 

Method II 
Apparatus----Sclect a unit of the general type known as a semi­

micro Kjeldahl apparatus, by which the nitrogen is first liberated 
by acid digestion and then transferred quantitatively to the ti­
tration vessel by steam distillatio~ 

Procedu~Place an accurately weighed or measured quantity 
of the material, equivalent to 2 to 3 mg of nitrogen, in the diges­
tion flask of the apparatus. Add l g of a powdered mixture of 
potassium sulfate and cupric sulfate (10: 1), and wash down any 
adhering material from the neck of the flask with a fine jet of 
water. Add 7 mL of sulfuric: acid, allowing it to rinse down the 
wall of the flask, then, while swirling the flask, add 1 mL of 30 
percent hydrogen peroxide cautiously down the side of the flask. 
(Do not add hydrogen peroxide during the digestion.) 

Heat the flask over a free flame or an electric heater until the 
solution bas a clear blue color and the sides of the flask are free 
from carbonaceous material. Cautiously add to the digestion mix­
ture 20 mL of water, cool the solution, and arrange for steam 
distillation. Add through a funnel 30 mL or sodium hydroxide 
solution {2 in 5), dnse the funnel with 10 mL of water, tightly 
close the apparatus., and begin the distillation with steam im­
mediately. Receive the distillate in 15 mL of boric acid solution 
( I in 25), to which· has been added 3 drops of methyl red-meth­
ylene blue TS and sufficient water to cover the end of the con­
densing tube. Continue the distillation until the distillate mea­
sures 80 to 100 mL. Remove the absorption flask, rime the end 
of the condensing tube with a small quantity of water, and titrate 
the distillate with 0.01 N sulfuric acid VS. Perform a blank 
determination, and make any necessary correction. Each mL of 
0.01 N acid VS is equivalent to 140.1 µg of nitrogen. 

When a quantity of material containing more than 2 to 3 mg 
or nitrogen 1s taken, 0.02 N or 0. i N suliuric acid may be em­
ployed, provided.that at least 15 mL is required for the titration. 
[f the total dry weight of material taken is greater than 100 mg, 
increase proportionately the quantities of sulfuric acid and so-
dilllll hydroxide. · 

(466} ORDINARY IMPURITIES 
This ·test, where called for in ihe individual monograph, is 

provided to evaluate the impurity profile of an article. See Chro­
m1ttogroph1 (621 > for a general discussion of the thin-layer chro­
O?a1.0giapb1c technique. Unless ~therwise specified in the indi­
vidual monograph, use the following method. 

Test Solution-Prepare, in the solvent specified in the mono­
graph, a solution of the substance \lllder test having an accurately 
known final con«ntration of about 10 mg per mL. [Norn­
Heat or sonication may be used to dissolve the drug substance 
where use of such does not adversely affect the compound.] 

Standard Solutio,u- •Ptepare, io the solvent specified in the 
monograph, solutions of the USP Reference Standard or desig­
nated substance having accurately known concentrations of 0.01 
mg per mL. 0.05 mg per ~. !J· I mg per rnL, and q.2 mg per 
mL. [Norn-Heat or sorucation may be used to dissolve ihe 
drug substance where use of such does not adversely affect the 
compound.] 
· Prccedure-Use a thin-layer chroma~raphic plate coat.ed with 

a 0.25-mro layer of chromatographic silica gel mixture, and the 
Eluant specified in the monograph. Apply equal volumes (20 
,uL) of ~he T.est Solution and Startdard Solutions to the plate, 
usi.ng ~ ~t.!'!i'l"l of nitrogen to d,:y the spots. . · · 

Allow the chromatogram to develop in a pre-equilibrated cham­
ber until the solvent front has moved about three-fourths of the 
length of the plate. Remove the plate from the chamber, and 
air-dry. View the plate using the VISualization technique(s) spec­
ified. Loi:;ate any spots other than the principal spot, in the chro• 
mato~am of the Tesl Solution, aod determine their relative in­
tensitieS by comparison with the chromatograms of the appropriate 
S1andard Solutions. The total of any ordinary imP.urities ob­
served does not exceed 2.0%, ~nless otherwise spec1fied in the 
individual monograph. 
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KBY FOR VISUAUZATION TBCHNIQUl!S 

il) Use ultraviolet light at 254 nm and 366 nm. 
2) Use lodoplatioate TS. 
3) Solution A-Mix 8.50 mg of bismuth subnitrate with 40 

mL of water and 10 mL of glacial acetic acid. · 
Solution B-Dissolve 8 g of potassium iodide in 20 mL of 

water. Mix A and B together to obtain a Stock Solution which 
can be stored for several months in a dark bottle. Mix 10 mL 
of the Stock Solution with 20 mL of glacial acetic acid, and 
dilute with water to make 100 mL, to prepare the spray reagent. 

(4) Ninlrydrin Spray-Dissolve 200 m~ of ninhydrin in 100 
mL of alcohol. Heat the plate after spraymg. 

(5) Acid Spray-lo an ice bath, add slowly and caulioosly, 
with stirring, 10 mL of sulfuric acid to 90 mL of alcohol. Spray 
the .11Iate, and· heat UJ1til charred. 

(6} Acid-Dichromate Spray-Add sufficient potassium di­
chromate to 100 mL of sulfuric acid to 1TU1ke a saturated solution. 
Spray the plate, and heat until charred. 

(7) Va11llli~Dissolve l g of vanillio in 100 mL of sulfuric 
acid. 

(&) Chloramine T- Trichloroacetic Acid-Mix 10 mL of a 
3% a9.ueous solution of chloramine T with 40 mL of a 25% al­
cobohc solution of trichloroacetic acid. Prepare immediately be-
fore use. · 

(9) Folt~C-Add 10 g of sodium tungstate and 2.5 g of 
sodium molybdate to 70 mL of water, add 5 mL of 8S% phoir 
phoric acid and 10 mL of 36% hydrochloric acid, and reflux this 
solution for 10 hours. 

(10) KMnO.-Dissotve 100 mg of Pota.~ium Permanganate 
in JOO mL of water, . · 

(11) DAB-Mix I g of p-dimetbylaminobenzaldehyde in 100 
mL of 0.6 N hydrochloric acid. . 

(12) DAC-Mix 100 m:gofp-dimethylaminocinnamaldehyde 
in 100 mL of 1 N hydrochloric acid. 

(13) Ferricyanide-:.-Mix equal volumes of a 1% ferric chlo­
ride solution and a I% potassium ferricyarude solution. Use im-
mediately. · 

(14) Fast Blue B-Reagent A-Dissolve 500 mg ofi,.ast Htue 
B Salt in I 00 mL of water. · 

Reagent B-0.1 N sodium hydroxide. 
Spray first with A, then with B. 

(15) Alkaline Ferric Cyanide-Dilute 1.5 mL of a 1% pc>­
tassium fcrrlcyanide solution with water to 20 mL, and add 10 
inL of 15% sodium hydroxide solution. 
· (16) lodi!U! Spray-Prepare a 0.5% solution of iodine in chlc>­
roform. 

( 17) Expo11e the plate for 10 minutes to iodine vapors in a 
pre-equilibrated closed chamber, on the bottom of which there 
are iodine crystals. 

(18) Solution A-Dissolve 0.5 g of potassium iodide in 50 
mL of water. 

Solution B-Prepare a solution of 0.5 g of soluble starch in 
50 mL of hot water. 

Just prior to use, mix equal volumes of Solution A and So­
lution B. 

(19) PTSS-Dissolve 20 g of p-toluenesulfonic acid in 100 
mL of alcohol, spray the plate, dry for 15 minutes at 110°, and 
view under ultraviolet light at 366 nm. 

(20) ~Tolidine Sp,aJ,'-'-Disaolve 160 mg of o-tolidine in 30 
mL of glacial acetic acid, dilute with water to make 500 mL, 
add l g of potassium iodide, and mix until the potassium iodide 
has dissolved. · 

(21) Mix 3 mL of chloroplatinic acid solution (I in 10) with 
97 mL of water, followed by the addition of 100 mL of potassium 
iodide solution (6 in 100) to prepare the spray reagent. 

(22) Iodine-Methanol Spray-Prepare a mixture of iodine 
TS and methanol (l: l). 

(468) OXYGEN 
DETERMINATION 

For the measurement of oxygen concentration., in air or mix­
tures of oxygen with air or inert gas diluents, employ an instru• 
meat utilizing the variations of electric current produced by the 
interaction of oxygen with an electrochemical cell to display the 
oxygen strength of a confined sample or an in-line flow of the 

gas. This current generates a signal proportional to the oxygen 
concentration which is displayed on a meter. 

The instrument is basically maintenance-free but is to be pe> 
riodically calibrated. When the monitor can no longer be cali• 
brated with the sensor adjustment, replace or regenerate the cell. 

{471} . OXYGEN FLASK 
COMBUSTION 

The oxygen flask combustion procedure is provided as the (lte­
paratory step in the determination of bromine, chlorine, iodine, 
selenium, and sulfur in some Pharmacopeial articles. Combustion 
of the material under test (usually organic) yields water-soluble 
inorganic products, which are analyzed for specific elements as 
directed in the inwvidual monograph or general chapter. 

The caution statement given under Procedure covers minimum 
safety precautions only, and serves to emphasize the ·need for 
exceptional care throughout. 

Apparatltt-The apparatus1 consists of a heavy-walled conical, 
deeply lipped or cupped 500-mL flask (unless a larger flask is 
specified), fitted with a groond-glass stopper to which is fused a 
test specimen carrier consisting of heavy-gauge platinum wire 
and a piece of welded pllltinum gauz.e measuring about 1.5 X 2 
cm. 

Procedwe-[CAUTION-The analyst should wear safety glasses 
and use a suitable safety shield between himself and the appa­
ratus. Exercise care lo ensure that the flask is scr~pulously clean 
and free from even traces of organic solvents.] Weigh the 5ub­
stance, if a solid, on a piece of halide-free filter paper measuring 
about 4 cm square, and fold the paper lo enclose it. Liquid 
substaoces are weighed in tared capsules, cellulose acetate 
capsules2 bcin~ nsecl for liquids in volumes not exceeding 200 
,u.L, and gelatm capsules being satisfactory for use for larger 
volumes. [NOTE--Gelatin capsules may contain significant 
amounts of combined halide or sulfur. If such .capsules are used, 
J>erform a blank determination, and make any necessary correc­
tion.) Place the specimen, together with a filter paper fuse-strip, 
in the platinum gauze specimen bolder. Place the absorbing liq­
uid specified in the individual monograph or general chapter in 
the flask, moisten the joint of the stopper with water, and flush 
the air from the flask with a stream of rapidly flowing oxygen, 
swirling the ~iquid to favor its taking up oxygen. fNOTE~at­
uration of the liquid with oxygen is essential for the auccessful 
perforroance of the combustion procedure.] Ignite the fuse-strip 
by suitable means. If the strip is ignited outside the flask. im­
mediately plunge the specimen holder into the flask, invert the 
flask so that the absorption solution makes a seal around the 
stopper, and bold the stopper firmly in place. If the ignition is 
carried out in a closed system, the inversion of the flask: may be 
omitted. After combustion is complete, shake the flask vigor-

Apparatus for Oxygen Flask Combustion 

1 A suitable apparat118 (Catalog Nos. 6513-C20 (500.mL ca­
pacity) and 6513-C30 (1000-mL capacity)] ana suitable capsule9 
[Catalog Nos. 6513-C80 (100 capsules) and 6513-C82 (1000 cap­
sules)} are obtainable from Arthur H. Thomas Co., P. 0. Box 
779, Philadelphia, PA 19105. . . 

2 A swtable apparatus (C'.,atalog Nos. 6513-CW (500-mL ca­
~city) and 6513-C30 (1000-mL capacity)] and suitable capsules 
!Catalog Noo. 6513-CS.0 (100 capsules) and 6513-C82 (1000 cap­
sules)! are obtainable from Arthur H. Thomas Co., P. 0. Box 
779, Philadelphia, PA 19105. 

,.. 
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ously, and allow to stand for not less than 10 minutes with in­
termittent shaking. Thea proceed as directed in the individual 
monograph or general chapter. 

(475} PENICILLIN G 
DETERMINATION 

The foUowin~ procedure is used to determine the content of 
penicillin G moiety in an antibiotic drug substance when such a 
requirement is ~pecified in the individual monograph. 

0.05 M Phosphate Buffer, i,H 6-Dissolve 6.8 ~ of monobasic 
potassium phosphate in 900 mL of water, adjust wtth I N sodium 
hydroxide to a pH of 6.00, dih_ite .with watei: to 1000 mL,.and 
mix. · ·· 

Mobile Phase-Prepare a mixture of 0.05 M Phosphate Buffer, 
pH 6 and acetonitrile (4: I), filter through a membrane filter of 
5-µm or finer porosity, and degas. 

Standard Preparation-TJ.'8nsfer about 80 mg of USP Peni­
cillin G Potassium RS. accurately weighed, to a 1 ~mL volu­
metric flask, add about 50 mL of Mobile Phase, swirl to dissolve, 
dilute with Mobile Phase to volume, and mix. 

Tes• Preparadon-Unless otherwise directed in the individual 
monograph, proceed with the ·specimen under test as directed 
under Standard Preparation. 
. System Suitability Preparation-Prepare a solution of penicij. 
Jin V potassium in Mobile Phase containing about 1 mg per mL. 
Mix equal volumes of this solution and the Standard Preparation. 

Chromatographic System (see Chromatography (621)}-Thc 
liquid chromatograph is equipped "'.ith a 225-nm d~tcctor and a 
+mm ·x 30-cm column that eontaw 10-,.w packing LL The 
flow rate is about 2 mL per minute. Chromatograph the Stan­
dard Preparation and the System Suitability Preparation; and 
record the peak responses as directed under Procedure: · the col­
umn efficiency determined from the analyte ~ is wt !cao than 
600 theoretical plates, the resolution, R, between the penicillin 
G and penicillin V peaks is not less than 2.0, and the relative 
standard deviation for replicate inj~ctions of the Standard Prep-
aration is not more than 1.0%. · · · · 

Procedute-Separately inject equal volumes (about 10 ~) of 
the Standard Preparation, the Test Preparation, and the System 
Suitability Preparation into the chromatograph, record th~ chro­
matograms, and measure the responses for the major peaks. The 
relative retention times are about 0.7 for penicillin G and LO for 
{leniciUin V. · Calculate the percentage of penicillin · G 
(C16H1aN2O4S) in the specimen under test by t~e formula: . 

( GsWs/ Wu)(ru/ rs), 

in which Gs is the designated penicillin G ~ntent, in percentage, 
of USP Penicillin G Potassium RS, Ws and Wu are the amounts, 
in mg, of USP Penicillin G Potassium. RS and test specimen 
taken, respectively, and , 11 and rs are the responses of the Test 
Preparation and the Standard Preparation peaks, respectively. 

(481) RIBOFLAVIN ASSAY 
The following procedure is suitable for preparations in which 

riboflavin is a constituent of a mixture of several ingredients. In 
employing it, keep the pH of solutions below 7 .0, and protect the 
solutions from direct sunlight at all stages. 

Refereace Stalldanl-VSP Riboflavin Reference Standard­
Dry at 1 OS O for 2 hours before usmg. 

Standard Riboflavin Stod Solution-To 50.0 mg of USP Ri­
boflavin RS, preV1ously dried and stored protected from light in 
11. desiccator vve1 phosphorus pentoxide, add about 300 mL of 
0.02 N acetic acid; and heat the mixture on a steam bath, with 
frequent agitation, until the riboflavin has dissolved. Then cool, 
add 0.02 N acetic acid to make 500 mL, and mix. Store under 
toluene in a refrigerator. . 

Dilute an accurately measurt:d portion of this solution, using 
0.02 N acetic acid, to a concentration of l 0.0 µg of the dried 
USP Riboflavin RS per mL, to obtain the Standard Riboflavin 
Stock Solution. Store under toluene in a refrigerator. 

Standard Preparatio~Dilute 10.0 mL of Srandard Rlbofla-

vin Stock Solution with water in a 100-mL volumetric flask to 
volume, and mix. Each mL represents l.0 µg of USP Riboflavin 
RS. Prepare fresh Standard Preparation for each assay. 

A&<lay Preparation-Place an amount of the material to be 
assayed in a flask of suitabte size, and add a volume of 0.1 N 
hydrochloric acid equal in mL to not Jess than 10 times the dry 
weight of the material in g, but the resulting solution shall contain 
not more than 100 µg of riboflavin per mL. If the material is 
not readily soluble, comminute it so that it may be evenly dis­
persed in the liquid. Then agitate vigorously, and wash down the 
sides of the flask with 0.l N hydrochloric acid. ·. · 

Heat the mixture in an autoclave at 121 ° to 123 ° for 30 min­
utes, and cool. If clumping occurs, •agjtaty the mixture until ihe 
particles are evenly dispersed. Adjust the mixture. with vigorous 
agitation, to a pH of 6.0 to 6.5 with sodium hydroxide solution,• 
then add hydrochloric acid solution* iiµniediately until no further 
precipitation occurs (usually at a pH of approximately 4.5, the 
isoelectric point of many of the proteins present). Dilute the 
mixture with water to make a measured volume that contains 
about 0.11 µg of riboflavin in each.mL, and filter through paper 
known not to adsorb riboflavin. To an aliquot of the filtrate add, 
with vigorous agitation, sogjum .hydroxide solution• to produce 
a pH of 6.6 to 6.8, dilute the solution with water to make a final 
measured volume _that contains approximately 0.1 µg of riboflavin 
in each mL, and if cloudiness occurs, filter again. 

Proced111e-To each of four or more tubes (or- r~ction vessels) 
add 10.0 ml of the Assay Preparation. To each of two or more 
of these tubes add 1.0 mL Qf tlie Standard Preparation, and mix, 
and to each of two or more of the remaining tubes add 1.0 mL 
of water, and mix. To each tu.be add 1.0 mL of glacial acetic 
acid, mix, then add, with mixing, 0.50 mL of potassiuin per­
rp_a.nganatc solution.(! i,n 25), and allow to stand for 2 minutes. 
To each tube add, with mixing, 0.50 mL of hydrogen peroxide 
solution, whereupon the permanganate color is destroyed within 
10 seconds. Shake the tubes vigQrously until excess oxygen is 
expelled. Remove any gas bubbles remaining on the sides of the 
tuu~ after foaming J;ru; ceased, oy tipping the tubes au that the 
solution flows slowly from end to end. . · 

In a suitable fluorophotometer, having an input filter of narrow 
transmittance range with a maximum at about 440 run and an 
output filter of narrow transr,nittance range with a maximum at 
about 530 nm, measure the fluorescence of all tubes, designating 
the average reading from the tubes containing only the Assay 
Preparation as lu and the average from the tubes containing both 
the Assay Preparation and the Standard Preparation as ls, Then 
to each of one or more tubes of each kind add, with mixing, 20 
mg of sodium hydrosulfite, and within 5 seconds again measure 
the fluorescence, designating the average reading as 18 . · 

. Calculatioll--,:CaJculate the quantity, in.mg, of C17H2qN4O6 in 
each mL of the Assay Preparation taken by the formUla: 

0.OOOi(Iu - la)/(ls - lu) .. 

Calculate the quantity, in mg, of CriH20N4O6 in each capsule or 
tablet 

(501) SALTS OF ORGANIC 
. NITROGENOUS BASES 

. Standard Preparation-Unless otherwi~ directed, prepare a 
solution in dilute sulfuric acid {I in 70) containing, in eacll mL, 
a.bout 500 µg of the specified USP Reference Standard. calcu• 
lated on the anhydrous ba,is, and accurately weighed. · 

Assay Preparation-If the dosage form is a tablet, weigh and 
finely powder not Jess than 20 tablets, weigh accu.ratelr a portion 
of the powder, equivalent to about 25 mg of the active ingredient, 
and transfer to a 125-mL separator: or, if the dosaAe form is a 
liquid, trc1.nsfer a volume of it, equivalent to about 25 mg of the 
active ingmlient and accurately measured, to a 125-mL sepa­
rator. Then to the separator add 20 mL of dilute sulfuric acid 
(I in 350), and shake vigorously for 5 minutes. Add 20 mL of 

· · * The concentrations of the hydrochloric acid and sodium hy­
droxide solutions used are not stated in each instance because 
these concentrations may be varied depending upon the amount 
of material taken for assay, volume of test solution. and buffering 
effect of material. · · 
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ether, shake carefully, and filter the acid phase into a second 
125-mL separator. Shake the ether phase with two LO-mL por• 
tions of dilute sulfuric acid (l in 350), filter each portion of acid 
into the second separator, and discard the ether. To the acid 
extract add l O mL of sodium hydroxide TS and 50 mL of ether, 
shake carefully, and transfer the aquCQus phase to a third 125-
mL separator containing 50 mL of ether. Shake the third sep­
arator carefully, and discard the aqueous phase. Wash the two 
ether solutions, in succession. with a single 20-mL portion of 
water, and discard the water. Extract each of the two ether 
solutions with 20-, 20-, and 5-mL portions of dilute sulfuric acid 
(1 in 70), in the order listed, but each time extract first the ether 
solution in th~ third se~rator and _then that in the second sep­
arator. Combtne the acid extracts m a 50-mL volumetric flask, 
dilute with the acid to volume, and mix. , . . 

NOTE-Hexane or heptane may be substituted for ether if the 
distribution ratio of the nitrogenous base between water and hex­
ane, or betw~n water and heptane, favors complete extraction 
by the organic phase. · . · 

Procedure-Unless otherwise directed, dilute 5.0 mL each of 
the Standard Preparation and the Assay Preparation with dilute 
sulfuric acid ( l in ?0) to l 00.0 mL, and determine the absorbance 
of each solution at the specified wavelength, using dilute sulfuric 
acid (1 in 70} as the blank. Designate the absorbance of the 
110Jution from the S1andard Preparation as As and that from the: 
Assay Preparation as Au, and calculate the result of the: assay 
as directoo in the individual inonograph. 

(51 I) SINGLE~STEROID ASSAY 
In the following procedure, the steroid to be assayed is sepa­

rated from related foreign steroids and excipients by thio-layer 
chromatography and determined following recovery from the 
chromatogram. 

Preparation of the Pla~Prel)clre a slurry from 30 g of chro­
matographic iu.licA er:l with A s•ntal-!~ fluorescing substance by 
the gradual addition, with mixing, of about 65 mL of a mixture 
of water and alcohol (5:2). Transfer the slurry to a clean, 20-
X 20-cm plate, spread to make a wtlfonn layer 250 µm thick, 
and allow to dry at room·temperature for 15 minutes. Heat the 
plate at 105° for l hour, and store in a desiccator. 

Sohent A-Mix methylene chloride with methanol (180:16). 
Solvent ~Mix chloroform with acetone ( 4: 1 ). · 
Standard Preparation-Dissolve in a mixture of equal volumes 

of chloroform and alcohol a suitable quantity of the USP Ref­
erence Standard specified in the individual monograph, previ­
ously dried as directed in the individual monograph, and accu­
rately weighed, to obtain a solution having a known con«ntration 
of about 2 mg per mL. . · 

Assay Preparatio~Prepare · as directed in the individual 
monograph. 

Prwedun.--D1vide the area of the chromatographic plate into 
three equal sections, the left ar:id right sections to be used for the 
Assay Preparation and the Standard Preparalion, respectively, 
and the center section for the blank. Apply 200 µL each of the 
Assay Preparation and the Standard Preparation as streaks 2.S 
cm from the bottom of the appropriate section of .the plate. Dry 
the solution as it is being applied, with the aid of a stream of air .. 
Using the Solvent specmed in the. individual monograph, develop 
the chromatogram m a suitable chamber, previously equilibrated 
and lined with absorbent paper, until the solvent front has moved 
15 cm above the initial streaks. 

Remove the plate, evaporate the solvent, and locate the prin­
cipal band occupied by the S1andard Preparation by viewing 
under ultraviolet light. Mark this band, as well as corresponding 
bands iu the Assay Preparation .and blank sections of the plate. 
Re'1}ove the silica ge! from each band separately, either by scrap­
ing onto glazed weighing papers or by using a suitable vacuwn 
collecting device, and transfer it to a glass-stoppered, 50-mL cen­
trifuge tube. To each tube add 25 .. 0 mL of alcohol, and shake 
for nut less the.n 2 minutes. Centrifuge the tubes for 5 minutes, 
pi pet 20 mL of the SU.l)ernatant liquid from each tube into a glass­
stoppered, 50-mL comcal flask, add 2.0 mLof a solution prepared 
by dissolving 50 mg of blue tetrazolium in 10 mL of methanol, 
and mix. Proceed as directed for Procedure under Assay for 
Steroids (351), beginning with "Then to each flask." 
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(521} SULFONAMIDES 

Identification of Individual Sulfonamides in 
Mixed Sulfonamides 

NOTE-The following instructions for preparations and 1_>ro­
cedure are applicable to all sulfonamides except sulfadiaz111e. 
When testing for sulfadiazine proceed in the same manner, except 
to use sulfadiazine preparations having one-half the designated 
concentration, and apply twice the designated volumes of sulfa­
diazine preparations to the chromatographic plates. 

Standard Preparation-Transfer a quantity of the pertinent 
USP Reference Standard to a suitable glass-stoppered, conical 
flask, dissolve in methanol to obtain a solution having a concen­
tration or about 2 mg per mL, and mix. A separate Standard 
Preparation is required for each sulfonamide present in mixed 
sulfonamides. 

Test Preparuioo-Transfer a portion of the thoroughly mixed 
suspension or finely Jl?Wdered tablets, equivalent to about JOO· 
mg of each sulfonamide, to a 50-mL volumetric flask containing 
10 mL of ammonia TS, and swirl Add methanol to volume, mix, 
filter, and use the filtrate in the Procedure: 

Preparation of Chromatographic Plates-Prepare three: iden­
tical chromatographic plates according to the following direc­
tions. On a suitable thin-layer chromatographic plate (see Chr<r 
matography (621) ), coated with a 0.25-mm layer of chromato­
graphic silica gel mixture, apply separately, and 2 cm apart along 
a spotting line LS cm from the bottom of the plate and parallel 
to it, 2 µL of each Standard Preparation and 2 µL of the Test 
Preparation. On another spot, 2 cm along the spottiD$ line from 
the application of the Test Preparatwn, apply, success1vely, 2 µL 
of each Standard Preparation to obtain a mixed standard. Dry 
the spots immediately with the aid of a stream of nitrogen. 

Procedure-Prepare a chromatographic chamber lined with 
filter paper and containing a solvent system romiRtJ11g of ethyl 
acetate, methanol, and a l in 4 aqueous solution of ammonium 
hydroxide(17:6:5), and allow to equilibrate for 1 hour. Similarly 
prepare a second chamber to contain a solvent system consisting 
of solvent hexane, chloroform, and butyl alcohol (l: 1: 1), and a 
third. chamber to contain a solvent system consisting of chloro­
form and methanol (95: 5). Place one prepared chromatographic 
plate in each equilibrated chamber, and develop the chromato• 
grams untiJ the solvent front has moved about three-fourths of 
the length of each plate. Remove each plate from its developing 
chamber, mark the solvent front, and allow the solvent' to evap­
orate. Locate the spots on the plates by viewing under short­
wavelength ultraviolet lighl Spray the plates with a l in 100 
solution of p-dimethylaminobenzaldehyde in dilute hydrochloric 
acid (1 in 20), and heat at 110° for 5 minutes or until bright 
yellow spots become visible. The R1 values of the yellow spots 
obtained from each Test Preparation correspond to tbose ob­
tained from the mixed Standard Preparations on the respective 
plates. The individual sulfonamides may be identified by com­
parison of the R1 values of the yellow spots obtained from the 
Test Preparations and individual Standard Prepa,allons on the 
respective plates. · · 

Determination of Individual Sulfonamides in 
Mixed Sulfonamides 

Standard Preparation-A separate Standard PreparaJion is 
required for each sulfonamide being determirn:d. Transfer about 
50 mg, accurately weighed, of the pertinent USP Reference Stan­
dard to a 50-mL volumetric 0ask: containing 1.5 mL of ammo­
nium hydroxide, add methanol, dissolve in methanol, dilute with 
methanol to volume, and mix. Transfer 1.0 mL of this solution 
to a 100-mL volumetric flask, add dilute hydrochloric acid (1 io 
lO0) to volume, and mix, [NOIB-Retain the methanol solutions 
for the Mixed Standard Preparation. The methanol solutions 
are stable for at least l week, and the acid solutions for at least 
l month.J 

Mixed Standard Preparatio~Transfer 1.0 mL of each meth­
anol solution, prepared as required for each Standard Prepara­
tion, to a small glass-stoppered flask, and mix. {NOTE-This 
Standard is used to identify the components of the Assay Prep­
aration on the chromatogram.] 

..... 
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Assay Preparation-Prepare as directed in the individual 
monograph. 

Pr()(edure--Prepare the necessary number of chromatographic 
sheets (Whatman No. 1 filter paper, or equivalent), about 20 X 
20 cm in size, by drawing a pencil line parallel to and 2.5 cm 
from one edge of the paper. Mark the line at points 2.5 and 5 
cm from each edge of the paper. Impregnate the paper by dip­
ping it in the immobile solvent (prepared f(esh by dissolving 30 
mL of red is tilled formamide in 70 mL of acetone) for 30 seconds. 
Remove the paper, drain for l O seconds, and blot between filter 
paper. Place the impregnated pa~r on dry filter paper, and air­
dry for 3 to 5 minutes. With a mforopipct, and with repeated 
applicatio.ns, streak 100 1,1L of the Assay Preparation along the 
starting line, applying the volume in five streaks of about 20 11,L 
each and evaporating the solvent with a gentle stream of nitrogen 
between applications. [NOTE-Make the streak as narrow as 
possible along the starting line, and keep within the 5-cm border.] 
Rinse the tip of the pipet with a drop of methanol-ammonia TS 
mixture (9; 1 ), and then streak the rinse along the starting line 
between the 5- and 2.5-cm points at the right edge. Repeat the 
rinsing with two additional drops, and then blow out the pipet. 

Apply 10 µL of the Mixed Standard Preparation at the mark 
2.5 cm from the left edge. 
. Place 50 mL of methylene chloride (mobile solvent) in a tray 
in a 23- X 23- X 7.5-cm chromatographic chamber arranged for 
ascending c~omatography (see Chromatography ( 621) ), and al­
low the chamber to <:4uilibrate for about 15 minutes. Remove 
the cover, place from 7 to JO mL of water in a second tray, and 
without delay, suspend the prepared chromatographic paper sheet 
so that it dips into the mobile solvent Cover and seal the cham­
ber, and allow the chromatogram to develop for 1 hour. Remove 
the paper from the chamber, and allow to air-dry for 5 minutes. 
Place the chromatogram on a dry sheet of filter paper, and view 
it under soort-wavelength ultraviolet light. [Norn-Conduct the 
following identification and marking without delay to avoid ex­
cessive exposure of the sulfonamide spots to ultraviolet irradia­
tion.J Identify. and mark the respective spots by maiching R.[ 
values with those of the spots produced by the Mixed Standard 
Preparation. [NOTE-Sulfad1azine and sulfamerazine are chro· 
matographed with increasing RJ, respectively.) · 

Cut the marked zones from the paper, cut each zone into five 
or six pieces, and place the pieces from each spot in separate, 
glass-stoppered, SO-mL flasks. Add 20.0 mL of dilute hydro­
chloric acid() in LOO) lo each flask. and allow to stand for about 
30 minutes, swirling each flask at least five ~imes during this 
period. Filter the solutions through dry glass wool into separate 
test tubes, discardin~ the first 5 mL of filtrate. Transfer 5.0 mL 
of the subsequent filtrate from each solution into separate 10-
mL volumetric flasks. Transfer 3.0 mL of each required Slan­
dard Preparation into separate, 10-m.L volumetric flaw. To 
each flask, and to a blank flask containing 5 mL of dilute hy• 
drochloric acid (1 in 100), add 1.0 mL of sodium nitrite solution 
(I in 1000) and 0.10 mL of hydrochloric acid, and allow to stand 
!or 5 minutes with frequent swirling. To each flask add 1.0 mL 
of ammonium sulfamate solution (I in 200), and allow to stand 
for 5 minutes, swirling frequently. Finally, to each flask add 1.0 
mL of freshly pre~ed N-{1-naphthyl)ethylencdiamine dihydro­
chloride solution (1 in 1000), mix, dilute with water to volume, 
and mix. Allow each solution to stand between 15 and 60 minutes, 
and then concomitantly determine the absorbances of the solu­
tions, in I-cm cells, recording the spectra from 440 to 700 nm, 
with a suitable spectrophotometer, using the blank to set the 
instrument. Draw a. baseline, and determine the corrected ab­
sorbance for each solution at the wavelength of maximum ab­
sorbance at about 545 nm. 

Calculate the concentration, in mg per mL, of each sulfon-
amide in the Assay Preparation by the formula: · 

0.12C(At:/As), 

in which C is the concentration, in µg per mL, of the pertinent 
USP Reference Standard in the Standard Preparation, Au is the 
corrected aboorbance of the Assay Preparation, and As is the 
corrected absorbance of the pertinent Slandard Preparalion. 
From the concentration of the Assay Preparation thus deter­
mined, · and applying appropriate dilution factors, calculate the 
percentage of sulfonamide in the specimen taken. 

USPXXII 

(531} THIAMINE ASSAY 
Referetice standard-USP Thiamine Hydrochloride Reference 

Standard-Do not dry; determine the water content titrimetri­
cal]y at the time of use. 

The following procedure is provided for the determination of 
thiamine as an ingredient of Pharmacopeial preparations con• 
taining other active constituent.s. 

Special Solutioas and Sol,en~ 
POT ASSJUM FBRRICY ANIDE SOLUTION-Dissolve 1.0 g of po­

tassium ferricyanide in water to make 100 mL. Prepare fresh on 
the day of use. 

OXIDIZING REAGENT- Mix 4.0 mL of Potassium Ferr/cya­
nide Solution with sufficient 3.5 N sodium hydroxide to make 
100 mL. Use this solution within 4 hours. 

QUININE SULFA TB STOCK SOLUTJON-Dissolve IO mg of qui­
nine sulfate in 0.1 N sulfuric acid to make 1000 mL. Preserve 
this soJution, protected from light, in a refrigerator. 

QUINrNE SULFATE ST ANDAllD SOLUTIO~Dilute 0.1 N sul­
furic acid with Quinine Sulfate Stock Solwion (39: 1). This 
solution fluoresces to approximately the same degree as the 
thiochrome obtained from I µg of thiamine hydrochloride and is 
used to correct the fluorometer at frequent intervals for variation 
in sensitivity from reading to reading within an assay. Prepare 
this solution fresh on the day of use. · 

Standard Thiamine Hydroc.hloride Stock Sohmon-Transfer 
about 25 mg of USP Thiamine Hydrochloride RS, accurately 
weighed, to a 1000-mL volumetric flask. Dissolve the wei~hed 
Standard in about 300 mL of dilute alcohol solution (1 in 5) 
adjusted with 3 N hydrochloric acid to a t1H of 4.0, and add the 
acidified, dilute alcohol to volume. Store lO a light-resistant <XJi>­
tainer, in a refrigerator. Prepare this stock solution fresh each 
month. 

Standard Preparation-Dilute a portion of Standard Thiamine 
Hydrochloride 8_tock_ Solution_ q_uantitativel:v and stepwise with 
0.2 N hydrochloric acid to obtain the Standard Preparation, each 
mL of which represents 0.2 ~g of USP Thiamine Hydrochloride 
RS. 

Assay Preparation-Place in a suitable volumetric flask suf­
ficient of the material to be assayed, accurately weighed or mea­
sured by volume as directed, such that when diluted to volume 
with 0.2 N hydrochloric aeiq.., the resulting solution will contain 
about LOO µg of thiamine hydrochloride (or mononitrate) per m.L. 
If the sample is difficultly soluble, the solution may be heated 
on a steam bath, and then cooled and diluted with the acid to 
voluine. Dilute S mL oftbis solution, quantitatively and ste~wisc, 
using 0.2 N hydrochloric acid, to au estimated concentration of 
0.2 µg of thiamine hydrochloride (or mononitrate) per mL. 

Procedure-Into each of three or more tubes (or other suitable 
vessels), of about 40-mL capacity, pipet 5 mL of Standard Prep­
aration. To each of two of these tubes add rapidly (within l to 
2 seconds), with mixing, 3.0 mL of Oxidizing Reagent, and within 
30 seconds add 20.0 mL of isobutyl alcohol, then mix vigorously 
for 90 seconds by shaking the capped tubes manuaJJy, or by 
bubbling a stream of air through th.e mixture. Prepare a blank 
in the remaining tube of the standard by substituting for the 
Oxidizing Reagent an equal volume of 3.5 N sodium hydroxide 
and proceeding in the same manner. 

Into each of three or more similar tubes pipet 5 mL of the 
Assay Preparation. Treat these tubes in the same manner as 
directed for the tubes containing the Standard Preparation. · 

Into each of the six tubes pipet 2 mL of dehydrated alcohol, 
swirl for a few seconds, allow tlie phases to separate, and decant 
or draw off about 10 mL of the clear, supernatant isobutyl alcohol 
solution into standardized cells, then measure the fluorescence 
in a suitable fluorometer, having an input filter of narrow trans• 
mittance range with :1 maximum at about 365 ·nm and an output 
filter of narrow transmittance range with a maximum at about 
435 nm. · 

Calculation-The number of µg of C12H p CIN,OS. HCI in each 
5 mL of the Assay Preparation is given by the formula: 

(A - b)/{S - d), 

in which A and S are the average fluorometer readings of the 
portions of the Assay Preparation and the Standard Preparation 
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treated with Oxidizing Reagent, respectively, and b and d are 
the readings for the blanks of the Assay Preparation and the 
Standard Preparation, respectively. 

Calculate the quantity, in mg, of thiamine hydrochloride 
(C12H 17CIN4OS.HCI) in the assay material on th.e basis of the 
aliquots taken. Where indicated, the quantity, in mg, of thiamine 
mononitrate (C11H11NsO.S) may be ca1culated by multiplying 
the quantity of C12H 17ClN4OS.HCI found by 0.9706. 

(541) TITRIMETRY 
Direct Titratio-Dircct titration is the treatment of a soluble 

substance, contained in solution in a suitable vessel (the titrate), 
with an appropriate standardized solution (the titrant), the end­
point being determined instrumentally or visually with the aid of 
a suitable indicator. 

The titrant is added from a suitable buret and is so chosen, 
with respect to its strength (normality), that the volume added 
is between 30% and 100% of the rated capacity of the buret. 
[NoTB- Whore less than 10 mL of titrant is required, a suitable 
microburct is to be used.] The end-point is approached directly 
but cautiously, and finally the titrant is added dropwise from the 
buret in order that the finaJ drop added will not over J'UIJ the 
end-point. The quantity of the substance being titrated may be 
calculated from the volume and the normality or molarity factor 
of the titrant and the equivalence factor for the substance given 
in the individual monograph. 

Residal 'fitratkm.s--Some Pharmacopeial assays require the 
addition of a measured volume of a volumetric solution, in excess 
of the amount actually n0Cded to react with the substance being 
assayed, the excess of this solution then being titrated with a 
second volumetric solution. This constitutes a residual titration 
and is known also as a "back titration." The quantit>.: of the 
substance being titrated may be calculated from the difference 
between the volume of the volumetric solution originally added 
and that consumed by the titrant m the back titration, due al­
lowance being made for the respective normality or molarity fac­
tors of the two solutions, and the equivalence factor for the sub• 
stance given in the individual monograph. 

Cbelometrlc Titratioas-Simple, direct titrations of some 
polyvalent cations are possible by the use of reagents with which 
the cations form complexes. The titration of the calcium ion by 
this means is particularly advantageous, in comparison to the 
oxalate precipitation method previously used for PharmacopeiaJ 
purposes. The success of complexometry depends in large mea­
sure upon the indicator chosen. Often the color change of an 
indicator can be improved by the addition of a screening agent. 

Titrations in No1111qUeOus Sohents-Acids and bases have long 
been defined as substances that furnish, when dissolved in water, 
hydrogen, and hydroxyl ions, respectively. This definition, intro­
duced by Arrhenius, failH to recognize the fact that properties 
characteristic of acids or bases may be developed also in other 
solvents. A more generalized def1D1tion is that of Bronsted. who 
defined an acid a.s a substance that furnishes protons, and a base 
as a substance that combines with protons. Even broader is the 
defmition of Lewis, wbo defined an acid as an;r material that will 
accept a.n electron pair, a base as any matenal that will donate 
an electron pair, and neutralization as the formation of a coor­
dination bond between an acid and a base. 

The apparent strength of an acid or a base is determined by 
the extent of its reaction with a solvent. In water solution all 
strong acids appear equally strong because they react with the 
solvent to undergo almost complete conversion to o.x.onium ion 
and the acid anion (leveling effect). la a weakly protophiJic sol­
vent such as acetic acid the extent of formation of the acetate 
acidiurn ion sho~ that the order.of deC?easing itrength for ncids 
is perchloric, hydrobromic, sulfuric, hydrochloric, and nitric (dif­
ferentiating effect). 

Acetic acid reacts incompletely with water to form oxonium 
ion and is, therefore, a weak acid. In contrast, it dissolves in a 
base such as ethylenediamine, and reacts so completely with the 
solvent that it behaves as a strong acid. The same holds for 
perchloric acid. 

This leveling effect is observed also for bases. In su{furic acid 
almost all bases appear to be of the same strength. As the acid 
properties of the solvent decrease in the series sulfuric acid, acetic 
acid, phenol, water, pyridine, and butylamine, the bases become 
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pro$fessively weaker until aJJ but the strongest have lost their 
basic properties. In order of decreasing strength, the strong bases 
are sodium 2-aminoethoxide, potassium methoxide, sodium meth­
oxide, and lithium methoxide. 

Many water-insoluble compounds acquire enhanced acidic or 
ba.ric properties when dissolved in organic solvents. Thus the 
choice of the appropriate solvent permits the determination of a 
variety of such materials by nonaqucous titration. Furthermore, 
depending upon which part of a compound is the physiologically 
active moiety, it is often possible to titrate that part by proper 
selection of solvent and titrant. Pure compounds can be titrated 
directly, but it is often necessary to isolate the active ingredient 
in pharmaceutical preparations from interfering excipients and 
carriers. 

The types of compounds that may be titrated as acids include 
acid halides, aci<l anhydrides, carboxylic acids, amino acids, enols 
such as barbiturates and xanthines, imides, phenols, pyrroles, and 
sulfonamides. The types of compounds that may be titrated as 
bases include amines, nitrogen-containing heterocyclic com­
pounds, oxa:r.olines, quaternary ammonium com_POunds, alkali salts 
of organic acids, alkali salts of weak. inor~amc acids, and some 
salts of amines. Many salts of halogen acids may be titrated in 
acetic acid or acetic anhydride after the addition of mercuric 
acetate, which removes halide ion as the un-iooiz.ed mercuric 
halide complex and introduces the acetate ion. 

For the titration of a basic compound, a volumetric solution of 
perchloric acid in gJacial acetic acid is preferred, although per­
chloric acid in dioxane is used in special cases. The calomel• 
glass electrode system is useful in this case., In acetic acid solvent 
this electrode system functions as predicted by theory. 

For the titration of an acidic compound, two classes of titrant 
are available: the alkali metal alkoxides and the tetraalkylam· 
monium hydroxides. A volumetric solution of sodium methoxide 
in a mixture of methanol and toluene is used frequently, although 
lithium methoxide in methanol-benzene solvent is used for those 
compounds yielding a gelatinous precipitate on titration witli so­
dium metho.x.ide. 

The alkali error limits the use of the glass elecqode as an 
indicating electrode in conjunction with alkali metal alkoxide 
titrants, particularly in basic solvents. Thus, the antimony-indi­
cating electrode, though somewhat erratic, is used in such titra­
tions. The use of quaternary ammonium hydroxide compounds, 
e.g., tetra-n-butylammoniwn hydroxide and trimcthylhexadecyl­
ammonium hydroxide (in benunc-mcthanol or isopropyl alcohol), 
has two advantages over the other titrants in mat (a) the tetraal­
kylammoaiwn 11alt of the titrated acid is soluble in the titration 
medium, and (b) the convenient and well-behaved calomel-glass 
electrode may be wed to conduct potentiometric titrations. 

Because of interference by carbon dioxide, solvents for acidic 
compounds aced to be protected from excessive exposure to the 
atmosphere by a suitable cover or by an inert atmosphere during 
the titration. Absorption of carbon dioxide may be determined 
by performing a blank titration. The blank should not exceed 
0.01 mL of 0.1 N sodium metboxide VS per mL of solvent. 

The end-point may be determined visually by color change, or 
potentiometrically, as indicated in the individual monograph. If 
the calomel reference electrode is used, it is advantageous to 
replace the aqueous potassium chloride salt bridge with 0.1 N 
lithium perchlorate in glacial acetic acid for titrations in acidic 
solvents or potassium chloride in methanol for titration., in basic 
solvents. 

Where these or other mixtures are specified in individual mono­
graphs, the calomel reference electrode is modified by first re­
moving the aqueous potassium chloride solution and residual po­
tassium chloride, if any, by rinsing with water, then eliminating 
residual water by rinsing with the required nonaqueous solvent, 
and finally filling the electrode with the designated nonaqueous 
mixtare. · 

The more useful systems for titration in nonaqucous solvents 
arc listed in Table 1. 

fndicator and Potlllltiometric End-point Detecooa-The sim­
plest and most convenient method by whlch the equivalence l>Oint, 
1.e., the point at which the stoichiometric analytical reaction is 
complete, may be determined is with the use of indicators. These 
chemical substances, usually colored. respond to changes in so­
lution conditions before and after the equivalence point by ex­
hibiting color changes that may be taken visually as the end­
point, a reliable estimate of the equivalence point. 

.... 
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Tab]e 1, Systems for Nonaqueom Titratioos. 
Acidic (for titration Relatively Neutral Re/artvet Neutral 

Tyj'!of of bases and their (for differential 
titration of bases~ 

Ba.sic (foe titration of {for dif erential 
So vent salts) acids} titration of acids~ 
Solvent1 Glacial Acetic Acid Acctonitrile Dimethylformamide Acetone 

Acetic Anhydride Alcohols n-Butytamine Acetonitrile 
Formic Acid Chloroform Pyridine Methyl Ethyl Ketone 
Protonic Acid Benzene Ethylenediamine Methyl Iaobutyl 
Sul uryl Chloride Toluene Morpholine Ketone 

Chlorobcnzene tert-Butyl Alcohol 
Ethyl Acetate 
Dioxane 

Indicator Crystal Violet Methyl Red Thymol Blue Azo Violet 
Quinaldine Red Methyl Orange Thymolphthalein Bromothymol Blue 
p-Naphtholbenzein p-Naphtholbenzcin Azo Violet '.ritHydroxyazobenzene 
Alphazurine 2-0 1>-Nitroaniline 
Malachite ~en e:Hldroxiawbenzcne 

ymol Blue 

Electrodes Glass-calomel Glass-calomel Antimony<alomel 
Glass-silver➔ilver Calomel-silver➔ilver Antimony-glass 

Antimony-calomel 
Glass-calomel 

chloride chloride Antimony-antimony2 Glass-platinum2 
Mercury-mercuric Platinum-calomel 

acetate Glass-calomel 
1 Relatively neutral solvents of low dielectric comtant such as benzene, toluene, chloroform or dioxane may be Wied in conjunction 

wilh any acidic or basic solvent in order to increase the sensitivity of the titration end-points. 
2 In titrant. 

A useful method of end-point determination results from the 
use of electrochemical measurements. If an indicator electrode, 
sensitive to the con.centration of the species under&oing titrimetric 
reaction, and a reference electrode, wh~e potential is insensitive 
to any dis.solved species, are immersed in the ti trate to form a 
galvanic cell, the potential difference between the electrodes may 
be sensed by a pH meter and used to follow the course of the 
reaction. Where such a seri~ of measurements is plotted cor­
rectly (i.e., for an acid-base. titration, pH versus mL of titrant 
added; for a precipitimetric, complexometric, or olcidatioo-rc­
duction titration, mV versus mL of titrant added), a si*moid curve 
results with a rapidly chan~ng portion (the .. break' ) in the vi­
cinity of the equivalence pomt The mid-point of this lineai' ver­
tical portion or the inflection point may be taken as the end-point 
However, itshould be noted that in asymmetrical reactions, which 
are reactions in which the number of anions reacting is not the 
same as the nwnber of cations reacting, the end-point as defined 
by the inflection of the titration curve does not occur exactly at 
tho stoichiometric ~uivalence point Thus, potentiometric end­
point detection by this method is not suitable in the case of asym­
metric reactiom, examples of which are the precipitation reaction, 

2Ag+ + CrO4 - z . 

and the oxidation-reduction reaction, 

5Fe+2 + MnO• 

All acid-base reactions, however, are symmetrical. Thus, poten­
tiomctric end-point detection may be employed in acid-base ti­
trations and in other titrations involving symmetrical reversible 
reactions where an indicator is specified, unless otherwise di­
rected in the individual monograph. 

Two types of automatic electrometric titrators are available. 
The first is one that carries out titrant addition automatically 
and records the electrode potential difference., during the course 
of titration as the expected sigmoid curve. In the second type, 
titrant addition is performed automatically until a preset potential 
"! pH, rep~enting the end-point, i.s reached, at which point the 
titrant addLt1on ceases. 

Several acceptable electrode systems for potcntiometric titra­
tions are summarized in Table 2, 

Blauk Correctiom-As previously noted, the end-point deter­
mined in a titrimetric assay is an estimate of the reaction equiv­
alence point. The validity of this estimate depends upon, among 
other factors, the nature of the titrate constituents and the con­
centration of the titrant. An appropriate blank correction is em-

Table l. Potentiometric Titration Electrode Systems. 

·Titration 
Acid-base 

Precipitimetric 
(sliver) 

Chelometric 

Oxidation­
reduction 

Indicating 
Electrode 

Glass 

Silver 

Mercury-mer­
cury(II) 

Platinum 

Equation1 

E = k + 0.0591 pH 

E = E' + 0.0591 log [Ag+] 

E = E 0 + 0.0296(Jog k' - pM) 

E
o + 0.0591

1 
[ox] 

E - -ii- og [red] 

Reference 
Electrode 

Calomel or silver--silver 
chloride 

Calomel (with 
potassium nitrate 
salt bridge) 

Calomel 

C«tlowc:l or silver-&lver 
chloride 

Applicability2 

Titration of acids and bases 

Titration with or of silver 
involving halides or 
thiocyanate 

Titration of various metals 
(M), e.g., Mg+2, c.a+2, 
AJ=f:3; Bi+3, with EDTA 

Titrations with arsemte, 
bromine, cerate, 
dichromate, 
hexacyanoferrate(lll), 
iodate, nitrite, 
permanganate, 
thiosulfate 

1 Appropriate form of Nemst equation describing the indicating electrode system: k = glass electrode oomtant; k' "". constant 
derived from Hg-Hg(II)-EDTA equilibrium; M - any metal undergoing EDTA titration; [ox] and [red] from the cquat1on, ox + 
ne ~ red. 

2 Listing is representative but not exhaustive. 
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ployed in titrimetric assays to enhance the reliability of the end­
point determination. Such a blank correction is usually obtained 
by means of ;1 residual blank titration, wherein the required 
procedure is repeated in every detail except that the substance 
being assayed is omitted. In such instances, the actual volume 
of titrant equivalent to the substance being assayed is the dif. 
ference between the volume consumed in tlie residua.I blank ti­
tration and that consumed in the titration with the substance 
present. The corrected volume so obtained is used in calculating 
the quantity of the substance being titrated. in the same manner 
as/r&Cribed under Residual Titrations. Where potentiometric 
en -point detection is employed, the blank correction is usually 
negligible. 

(551) ALPHA TOCOPHEROL 
ASSAY 

The following procedure is provided for the determination of 
tocopherol as an ingredient of Dtcavitamln O!psules and De­
cavitamfn Tablets. 

Hydrogenator- A suitable device for low-p~essurc bydt?­
genation may be assembled as follows: Arrange tn a rack or m 
clamps two 50-mL conical centrifuge tubes, connected in series 
by means of glass and inert plastic tubing and suitable stoppers 
of glass polymer, or cork (avoiding aJJ UJC of rubber). Use one 
tube fo;. the blank and the other for the assay specimen. Arrange 
a gas-dispersion tube so that the hydrogen issues as bubbles at 
the bottom of each tube. Pass the hydrogen first through the 
blank tube and then through the specimen tube. 

Proceclure-Pipet into a suitable vessel 25 mL of the final 
washed ether solution of the unsaponifiable fraction obta.ined as 
directed for When Tocopherol Is Pre.rem under Procedure in the 
Vitamin ,4 Assay (571), and eva,P?rate to about 5 mL. Wllhout 
applying /real, remove the remamin~ ether in a stream of inert 
gn: or by '!!.C!.!l.1!!!.. Dissolve the residue in sufficient alcohol to 
give an expected concentration of Kbout 0.15 mg of alpha to­
copherol per mL. Pipet 15 mL into a 50•mL centrifuge tube, 
add about 200 mg of palladium catalyst, stir with a glass rod. 
and hydrogenate for 10 minutes in the Hydrogenator, using hy­
drogen that has been passed through alcohol in a blank tube. 
Add about 300 mg of chromatographic siliceous earth. stir with 
a glass rod, and immediately centri~ge until the ~lotion is clear. 

Test a 1-mL aliquot of the solut10n by removrng the solvent 
by evaporation, dissolving the residue in l mL of chloroform, and 
adding 10 mL of antimony tricblorlde TS: no detectable blue 
color appears. [NOTE-If a blue color appears, repeat the hy­
drogenation for a longer time period, or with a new lot of catalyst. J 

Pipet 2 mL of the supernatant solution into a glass-stoppered, 
opaque flask, add 1.0 mL of a l. in ~o~ solution or _ferric chloride 
in dehydrated alcohol,* !311d be$lll tnwng the rea~on, prefera!>lY 
with a stop watch. Add unmcdiatcly 1.0 mL of a 1 ID 200 solution 
of 2,2'-bipyridine in dehydrated alcohol, ·mix with swirling. .add 
21.0 mL of dehydrated alcohol, close the tube, and shake vig­
orously to ensure complete mixing. When about 9½ minutes have 
elapsed from the beginning of the reaction, transfer part of the 
mixture to one of a pa,ir of mat~hed I-cm sp_cctrophoto~~ter cells. 
After 10 minutes, accurately timed, follqwmg the add1ti0n of the 
ferric chlorido-debydrated alcohol $0lution, determine the ab­
sorbance at 520 run, with a suitable spectrophotometer, U$ing 
dehydrated alcohol as the blank. Perform a blank determination 
with the same quantities of the same reagents ~ in the same 
manner, but U$ing 2 mL of dehydrated alcohol m place of the 2 
mL of the hydrogenated solution. Subtract the absorbance d~ 
termined for the blank from that detmnined for the assay spec­
imen, and designate the difference as A1>-

Calc11latc the alpha tocopherol content, in mg, in the llssity 
specimen taken by the formula: 

30.2 Ar/(LCo), 

• NorE- Tbe absorbancc of the blank may be reduced, and 
the prec.ision of the determination thereby improved, by purifi• 
cation of the dehydrated alcohol that is used throughout the assay. 
Purification may be accomplished by the addition of a few crys­
tals (about 0.02%) of potassium permanganate and of a few pellets 
of potassium hydroxide to the dehydrated alcohol, and subsequent 
redistillation. 

in which Ao is the corrected absorbance, Lis the length. in cm, 
of the absorption cell, and CD is the content of the assay specimen 
in the alcohol solution employed for the measurement of absorb­
ancc, expressed as g, capsules, or tablets per 100 mL. 

(561) VEGETABLE DRUGS­
SAMPLING AND METHODS 

OF ANALYSIS 
Sampling 

In order to reduce the effect of sampling bias in qualitative 
and c,uantitative results, it is necessary to ensure that the com­
position of the sample used be representative of the batch of drugs 
being examined. The following sampling procedures are the min­
imum considered applicable to vegetable drugs. Some articles, 
or some tests, may require more rigorous procedures involving 
more containers being sampled and/or more samples per con­
tainer. 

Grvss Salllfle-Where external examination of containers, 
markings, and labels indicates that the batch can be considered 
to be homogeneous, talc~ indi".id~l samples from the number of 
randomly selecied containers mdicated below. Where the batch 
cannot be considered to be homogeneous, divide it into sub-batches 
that are as homogeneous as possible, then sample each one as a 
homogeneous batch. 

No. of C-<mtaiilers 
in Batch (N) 

l to 10 
11 to 19 

>19 

No. of Containers 
to be Sampled (n) 

all 
lJ 

n ~ IO + (N/10) 

(Round cal<;,-o.Jated "n" to next highest whole oumber.) 
Samples shall be taken from .the upper, middle, and lower 

sections of each container. If the crude material consists of com• 
ponent parts which are 1 cm or less in any dimension, and in the 
case of all powdered or ground materials, withdraw the sample 
by means of a sampling d_cvice that removes a core fr~ the top 
to the bottom of the container. not lesirthan two cores bemg taken 
in opposite directions. For materials with component parts over 
l cm in any dimension, withdraw samples by hand. In the case 
of large bales or packs, samples should be taken from a depth of 
10 cm because the moisture content of the surface layer may be 
different from that of the inner layers. 

Prepare the gross sample by combining and mixing the indi­
vidual samples taken from each opened container, taking care 
not to increase the degree of fragmentation or significantly affect 
the moisture content. 

Laboratory Sample-Prepare the laboratory sample by re­
peated quartering of the gross sample. (Nar~uartering con• 
sists or placiJls the sample, adequ1.tely mixed, as an even and 
sq~shaped heap and dividing it dl8.go.nally into four equal 
1)8rt8. The two opposite parts are then ~en and car~fully mix~. 
The process is repeated as necessary until the regwred quantity 
is obtained.) 

The laboratory sample should be of a size sufficient for per­
forming all the necessary tests. 

Test Sample-Unless otherwise directed in the individual 
monograph or test procedure below, prepare the test sample as 
follows: 

Decrease the size of the laboratory sample by quartering, tak­
ing care that each withdrawn portion remains representative. In 
the case of ungroond or unpowdered drugs, grind the withdrawn 
sample ·so that it will pass through a No. 20 standard-mesh sieve, 
and mill. the resulting powder well. U the material cannot be 
ground, reduce it to as fine a state as poosible, mix by rolling it 
on paper or sampling cloth, spread it out in a thin layer and 
withdraw the portion for aJJalysis. 

Foreign Organic Matter 
Test Sampl~Unle&S otherwise specified in the individual 

monograph, weigh the following quantities of the laboratory sam-
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ple, taking care that the withdrawn portion is representative 
(quartering if necessary): 

Roots, rhizomes, bark, and herbs 500 g 
Leaves, nowcrs, seeds, and fruit 250 g 
Cut vegetable drugs (average weight 

of the pieces is less than 0.5 g) 50 g 

Spread the sample out in a thjn layer, and separate the foreign 
organic matter by hand as completely as possible. Weigh it, and 
determine the percentage of fore~ organic matter in the weight 
of drug taken. 

Totlll Ash 
Accurately weigh a quantity of the test sample, representing 

2 to 4 g of the air-dried material, in a tared crucible, and incin­
erate, gently at first, and gradually increase the temperature to 
615 ± 25°, until free from carbon, and determine the wejght of 
the ash. If a carbon-free ash cannot be obtained in this way, 
extract the charred mass with hot water, collect the insoluble 
residue on an ashlcss filter paper, incinerate the residue and fil~r 
paper until the ash is white or nearly so, then add the filtrate, 
evaporate it to dryness, and heat the whole to a temperature of 
675 :t 25°. If a carbon-free eh camiot be obtained m this way, 
cool the crucible, add 15 mL of alcohol, break up the ash with 
a glass rod, bum off the alcohol, and again heat the whole to a 
temperature of 675 ± 25°. Cool in a desiccator, we~h the ash, 
and calculate the percentage of total ash from the weight of the 
drug taken. 

Acid-insoluble Ash 
Boil the ash obtained as directed under Total A.sh, above, with 

25 mL of 3 N hydrochloric acid for 5 minutes, collect the insol­
uble matter on a tared filtering crucible or asbless filter, wash 
with hot water, ignite, and weigh. Determine the percentage of 
acid-insoluble ash caJculated from the weight of drug ta.ken. 

Crude Fiber 
Exhaust a weighed quantity of the test sample, representing 

about 2 g of the drug, with ether. Add 200 mL of boiling dilute 
sulfuric acid (l in 78) to the ether-exhausted mare, in a 500-mL 
flask, end connect the flask to a renux condenser. Reflux the 
mixture for 30 minute.,, accurately timed, then filter through a 
linen or hardened-paper filter, and wash the residue on the filter 
with boiling water until the effiuent washing is no longer acid. 
Rinse the residue back into the fla.slc with 200 mL of boiling 
sodium hydroxide solution, adjusted to 1.25 percent by titration 
and free from sodium carbonate. Again reflux the mixture for 
30 minut~ accurately timed, then rapidly filter through a tared 
filter, wash the residue with boiling water until the last washing 
is neutral, and dry it at 110° to constant wei~ht. Incinerate 'the 
dried residue, igrute to constant weigb.t, cool m a desiccator, and 
weigh the ash: the difference between the weight obtained by 
drying at 110° .and that of the ash represents the weight of the 
crude fiber. 

Nom--The boiling with acid and alkali should continue for 
30 minutes, accurately timed, from the time that the liquid (which 
is cooled below the boiling point by being added to the cold flask) 
again boils. After the solution has been brouJµit to boiling. the 
heat should be turned low enough just to maintain boiling. During 
the boiling, the flask should be gently rotat.cd from time to ti.me 
to wash down any particles that may adhere to the walls of the 
flask. A slow current of air introduced into the flask during the 
boiling operation aids in preventing excessive frothing. 

Volatile Oil Determination 
· Set op a round-bottom, sbortneck, I-liter Oask in a heating 

mantle set over a magnetic stirrer. Insert an egg-shaped stirring 
bar magnet in the flask, and attach a cold-finger condenser and 
an appropriate volatile oil trap of the type illustrated. · 

Coarsely comminute a -sufficient quantity of the drug to yield 
from 1 to 3 mL of volatile oil. Small seeds, fruits, or broken 
leaves of herbs ordinarily do not need comminution. Very fine 
powders are to be avoided. If this is not possible, it may be 
necessary to mix them with purified sawdust or purified sand. 
Place a suitable quantity of the drug, accurately weighed, in the 
flask, and fill it on~balf with water. Attach the condenser and 
the proper separator. Boil th~ contents of the flask, using a suit-

Graduated 
to 0.1 mL 

For oils lighter 
than water 

Gradvated 
to 0.1 mL 

USPXXII 

Ll 

For oils hear/er 
than wattfr 

Traps for Volatile Oil Apparatus 

able amount of heat to maintain gentle boiling for 2 hours, or 
until the volatile oil has been completely separated from the drug 
and no longer collects in the graduated tube of the separator. 

If a proper quantity of the volatile oil has been obtained in the 
graduated tube of the separator, it can be read to tenths of 1 
mL, and the volume of volatile oil from each 100 g of drug can 
be calculated from the weight of the drug taken. The graduations 
on the separator "for oils heavier than water" arc so t>laccd that 
oil remains below the aqueous condensate that automatically flows 
back into the flask. 

Water 
For unground or unpowdered drugs, l?repare about 10 g of the 

laboratory sample by cutting, granulating, or shredding, so that 
the parts are about 3 mm in thickness. Seeds or fruits smaller 
than 3 mm should be cracked. Avoid the use of high-speed mills 
in preparing the sam_ple, and exercise care that no appreciable 
amount of moisture 1s lost during the preparation and that the 
portion ta.lcen is representative of the JaboraJory sample. Deter• 
mine the water content es directed under Procedure/or Vegetable 
Drugs in the test for Water Determination-Gravimetric Method 
(921). 

(571) VITAMIN A ASSAY 
The following procedure is !rovidcd for the determination of 

vitamin A as an in$J:edient o Pharmacopeial preparations. It 
conforms to that which was adopted in 1956 for international use 
by the International Union of Pure and Applied Chemistry. 

Complete the assay promptly, and exercise care throu~out the 
procedure to keep to a minimum the exposure to actinic light 
and to atmospheric oxygen and other oxidizing agents, preferably, 

· by the use of non-actinic glassware and an atmosphere of an inert 
gas. 

Special Reageat.-
'ETHBR- Use ethyl ether, ud use it within 24 hours after open-

ing the container. . 
. ISOPR.OPYL ALCOHOL- Use spectrophotometric-grade isopro­

pyl alcohoi (sec Jsopropyl Alcohol under .R.eagent Specifications 
m the section, Reagents, Indicators, and Solutions). 

Proced..-e--Accurately weigh,. count, or measure a portion of 
the test specimen expected to contain the equivalent of not less 
than 0.15 mg of retinal but containing not more than 1 g offal 
If in the form of capsule.,, tablets, or other solid, so that it cannot 
be saponified efficiently by the ensuing instructions, reflux the 
portion taken in 10 mL of water on a steam bath for about 10 
minutes, crush the remaining solid with a blunt glass rod, and 
warm for about 5 minutes longer. 

Tran.,fer to a suitable ~ilicate glaas flask, and add 30 mL 
of alcohol, followed by 3 mL of potassium hydroxide solution (9 
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in 10). Reflux in an all-boroomcate glass apparatus for 30 min­
utes. Cool the solution, add 30 mL of water, and transfer to a 
conical separator. Add 4 g of finely powdered sodium sulfate 
decahydrate. Extract by shaking with one l SO-mL portion of 
ether for 2 minutes, and then, if a.n emulsion forms, with three 
2S-mL portions of ether. Combine the ether extracts, if neces­
sary, and wash by swirling gently with 50 mL of water. Re~t 
the washing more vigorously with three additional 50-mL portions 
of water. Transfer tho washed ether extract to a 250-mL volu­
metric flask, add ether to volume, and mix. 

Evaporate a 25.0-mL portion of the ether extract to about 5 
mL. Without applying heat and 'With the aid of a stream of 
inert gas or llacuum, continue the evaporation to about 3 mL. 
Dissolve the residue in sufficient isopropyl alcohol to give an 
expected concentration of the equivalent to 3 µg to 5 µg of vitamin 
A per mL or such that it will give an absorbance in the range 
0.5 to 0.8 at 325 nm. Determine tbe absorbances of the resulting 
solution at the wavelengths 310 nm, 325 nm, and 334 run, with 
a suitable spectrophotometer fitted with matched quartz ceJls, 
using isopropyl alcohol as the blank. 

WHEN TOCOPHEROL IS PRESENT- Transfer to a suitable bo­
rosilicate glass flask a test specimen, accurately measured, or not 
Jess than 5 previously crushed Decavitamin Capsules or Dcca­
vitamin Tablets. Reflux in an all-borosilicate glass apparatus with 
30 mL of alcohol and 3 mL of potassium hydroxide solution (9 
in IO) for 30 minutes. Add through tho condenser 2.0 g of citric 
acid mooohydrate, washing the walls of tho condenser with 10 
mL of water. Cool, and transfer the solution to a conical separator 
with the aid of 20 mL of water. Add 4· g of finely powdered 
sodium sulfate decahydrate. Extract with ono 150-mL portion 
of ether and then, if an emulsion fonns, with three 25-.mL portions 
of ether. Combine the ether extracts, if necessary, and wash by 
swirling gently with 50 mL of water. Repeat the washing more 
vigorou.sly with three additional 50-mL portions of water. Trans­
fer the washed ether extract to a 250-mL volume.tric flask, and 
add ether to volume. Transfer a 100.0-mL aliiuot of the resulting 
etlier solution t.; s. conical :JeRU9-tor, and 'Wl:l:;u om;e with 50 mL 
of potassium hydroxide solution (I in 33), using alcohol. if nec­
essary, to break any emulsion that forms. Wash by swirling gently 
with 50 mL of water. Repeat the washing more vigorously with 
three additional 50-mL portion.'! of water. Transfer the washed 
ether extract to a 100-mL volumetric flask, add ether to volume, 
and mix. 

Evaporate a 50.0-mL aliquot of the ether solution of the un­
saponifiable extract to about 5 mL. Without applying heat and 
with tire aid of a stream of inert gas or vacuum, remove the 
residual ether. Dissolve the residue in 50.0 mL of isopropyl aJ. 
cohol. 

Hydrogenated porttol't-Pipet 15.0 mL of the isopropyl aloobol 
solution into a 50-mL centrifuge tube, add· approximately 200 
mg of paUadium catalyst, stir with a glass rod, and hydr~enate 
for 10 minutes in a Hydroge1111tor such as is described m the 
Alpha Tocophuol Assay (551), using isopropyl alcohol in the 
blank tube. Add about 300 mg of chromatographic siliceous 
earth, stir with a glass rod, and immediately centrifuge until the 
solution is clear. 

Test a 1-mL aliquot of the solution by removing the solvent 
by evaporation, dissolving the residue in 1 mL of cblorofonn, and 
adding 10 mL of phospbomolybdic acid TS: no detectable blui>­
grcen oolor appears. [NOTE-If a blue-green color ap~rs, re­
peat the hydrogenation for a longer time period, or with a new 
lot of catalyst.] 

Into two separate flasks pipet equal volumes of the Hydrcr 
ge11ated portion and the untreated isopropyt alcohol solution, re,, 
spectivefy, and add sufficient isopropyl alcohol to give an ex­
pected concentration of vitamin A eqwvalent to 3 µg to 5 µg per 
mL. Determine the ab8orbances of the untreated solution against 
tho solution from the Hydrogenated portion as a blanlc, at the 
waveiengths 310 nm, 325 run, and 334 uw., with a suitable spec­
trophotometer fitted with matched quartz cells. 

Calculatioo--Calculatc the vitamin A content as follows: 

Content (in mg) = 0.549A~/ LC, 

in which Am is the observed absorbance at 325 nm. L is the 
length, in cm, of the absorption cell, and C is the amount of test 
specimen expressed as g, capsule, or tablet in each 100 mL of 
the final isopropyl alcohol solution, provided that Am has a value 
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not less than [A325]/t.030 and not more than [A32Jlf0.970, where 
[Aml is the co"ected absorbancc at 325 nm and 1s given by the 
equation: 

[Ansl = 6.815Ans - 2.5S5A310 - 4.260A334, 

io which A designates the absorbance at the wavelength indicated 
by the subscript: 

Where [A325] ha& a value less than A325/l.030, apply the fol­
lowing equation: 

Content (in mg) = 0.549[A325]/LC, 

in which the values arc as defined herein. Each mg of vitamin 
A (alcohol) represents 3333 USP Units of vitamin A 

Cafidence lotemd-The range of the limits of error, indicat· 
ing the extent of discrepancy to be expected in the results of 
different laboratories at P = 0.05, is approximately ±8%. 

(581) VITAMIN D ASSAY 
Cbromatographic Method 

The following pressurized liquid chromatographic procedure is 
provided for the determination of vitamin D, as cholecalciferol 
or as ergocalciferol, as an ingredient of Pharmaoopcial multiple­
vitamin preparations. 

Throughout this assay, protect solutions containing, and de­
rived from, the test specimen and the Reference Standard from 
the atmosphere and light, preferably by the use of a blanket of 
inert gas and low-actink glassware. 

Reference Standard--[NOTE-Use USP Ergocalciferol RS, or 
USP Cbolccalciferol RS, for assaying pharmaceutical dosage 
forms that are labeled to contain vitamin D as ergocalciferol, or 
as cholccalciferol, i'CSpectiveJy.J C/SP Ergocalciferol Referen£e 
Standard-Store in a cold place, protected from light. · Allow it 
to attain room temperature before opening ampul. u~ the ·mz.­
terial promptly, and discard the unused portion. 

USP Choltt:alciferol Reference Standard-Store in a cold place, 
protected from light Allow it to attain room temperature before 
opening ampul. .Use the material promptly, and discard the ua­
us·ed portion. 

USP Vitamin D Assay System Suitability Reference Stan­
dard-Store in a cool place, protected from light. Allow it to 
attain room temperature before opening ampul. Do not dry. 
TraMfer unused contents of ampul to a tightly closed container, 
and store under nitrogen, in the dark., in a cool place. 

USP M,6:-Cholestadieno/ Reference Standard-Store in a cool 
place, protected from liJdit. Allow it to attain room temperature 
before openiJl8 ampul. Do not dry. Transfer unused content.II of 
ampul to a tightly closed container, and store under nitrogen, in 
the dark, in a cool place. 

Special Ragents and Sobltioos-
ETHER-Use ethyl ether. Use within 24 hours after opening 

container. · 
DP.HYDRATED HEXANE-Prepare a chtomatograt>hic column 

by packing a chromatographic tube, 60 cin X 8 cm an diameter, 
with 500 g of 50- to 250...µm chromat~rapbic siliceous earth, 
activated by drying at 150° for 4 hours (sec Column adsorption 
chromatography under Chromatography (621)). Pass 500 mL 
of hexanes through the column, and collect the el~te in a gJass­
stoppored flask. 

BUTYLATED HYDROX\'TOLUENE SOLUTION- Dissolve a 
quantity of butylated hydroxytoluene in chromatographic hexane 
to obtaJP a solution containing 10 mg per mL. 

AQUEOUS POTASSIUM HYDROXIDB SOLUTION- Dissolve 500 
g of potassium hydroxide in 500 mL of freshly boiled water, mix, 
and cool Prepare this solution fresh dally. 

ALCOHOUC POTASS[UM HYDROXlDB SOLUTION-Dissolve 3 
g of potassium hydroxide in 50 mL of freshly boiled water, add 
10 mL of 11.loohol, dilute with freshly boiled water to 100 m.L, 
and mix. Prepare this solution fresh daily. 

SODIUM ASCORBATE SOLUTION-Dissolve 3.5 g of ascorbic 
acid in 20 mL of 1 N sodium hydroxide. Prepare this solution 
fresh daily. 
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SODIUM SULFIDE SOLlJTION-Dissolve 12 g of sodium sulfide 
in 20 mL of water, dilute with glycerin to 100 mL, and mix. 

Mobile Phase A-Prepare a mixture of acetonitrile, methanol, 
and water (25: 25: l). The amount of water and the flow rate 
may be varied to meet system suitability requirements. 

Mobile Phase ~epare a 3 in 1000 mixture of n-amyl al­
cohol in Dehydraced hexan.e. The ratio of components and the 
flow rate may be varied to meet system suitability requirements. 

Internal Stattdard Sollltioa- Transfer 15 mg of USP A4,6-Cho­
lestadienol RS, accurately weighed, to a 200-mL volumetric flask, 
add a I in 10 mixture of toluene and Mobile Phase B to volume, 
and mix. .. 

Standar41 Preparation-Transfer about 25 mg of USP Ergo­
calciferol RS or Cholecalciferol RS, accurately weighed, to a 50-
mL volumetric flask, dissolve without he.at in toluene. add toluene 
to volume, and mix. Pipet 10 mL of this stock solution into a 
100-mL volumetric flask, dilute with toluene to volume, and miit. 
Prepare stock solution fresh daily. 

Assay Preparadon---
For oily solutions-Accurately weigh a portion of the speci­

men to be assayed, preferably more than 0.5 g and equivalent to 
about 125µgofcholecalciferolorergocalciferol(5000USPUnits). 
Add I mL of Sodium Ascorbate Solution, 25 m.L of alcohol., and 
2 mL. of Aqueous Potassium Hydroxide Solution, and mix. 

For capsules or tablets-Reflux not less than 10 capsules or 
tablets with a mixture of 10 mL of Sodium Ascorbate Solution 
11n<l 2 drops of Sodium Sulfide Solution on a steam bath for IO 
minutes, crush any remaining solids with a blunt glass rod, and 
.continue heating f~ 5 minutes. Cool, add 25 mL of alcohol and 
3 mL of Aqueous Poteusium Hydroxide Solution, and mix. 

For dry preparations mu/ .aqueou, dispersions-Accurately 
weigh a portion of the specimen to be assaye¢ preferably more 
.than 0.5 g and equivalent to about l25 µg of cholecalciferol or 
ergocaJciferol (5000 USP Units). Add, in small quantities and 
with gentle swirling, 25 mL of alcohol, 5 mL of Sodium Ascorbate 
Solution, ar.rl 3 mL cf Aqueous Po1asslum Hydroxide Solution. 

SAPON[FICATION AND BXTRACTION--Refliu the mixture 
prepared from the specimen to be assayed on a steam bath for 
30 minutes. Cool rapidly under n:inning water, and transfer the 
saponified mixture to a conical seplll"ator, rinsing the saponifi­
cation flask with two I 5-mL portions of water, 10 mL of alcohol, 
and two 50-mL portions of ether. Shalce the combined saponified 
mixture and rinsings vigorously for 30 seconds, and allow to stand 
until both layers are clear. Transfer the aqueous phase to a second 
conical separator, add a mixture of 10 mL of alcohol and SO mL 
of solvent hexane, and shake vigorously. Allow to separate, trans­
fer the aqueous phase lo a third conical separator, and transfer 
the heune phase to the first separator, rinsing the second sep­
arator with two 10-mL portions of solvent hexane, adding the 
rinsings to the first separator. Shake the aqueous phase in the 
third separator with 50 mL of solvent hexane, and add the hexane 
phase to the first separator. Wash the combined ether-hexane 
extracts by shaking vigorously with three 50-mL portions of Al­
coholic Potassium Hydroxide Solution, and wash with 50-mL 
portions of water vigorously until the last washing is neutral to 
phenolphthalein. Drain any remaining drops of water from the 
combined ether-hexane extracts, add 2 sheets of 9~m filter paper, 
in strips, to the separator, and shake. Transfer the washed ether­
hexane extracts to a round-bottom flask, rinsing the separator 
and paper with solvent hexane. Combine the hexane rinsings with 
the ether-hexane extracts, add 5.0 mL of Internal Standard So­
lution aod 100 µL of Butyloted Hydroxytoluene Solution, and 
mix. Evaporate to dryness in vacuum by swirling in a water bath 
main_tained at a. temperature ~t higher than_ 40°. Cool under 
runnmg water, and introduce n1trogen sufficient to restore at­
mospheric pressure. Without delay, dissolve the residue in 5.0 
mL of a auxture of equal volumes of acetonitrile and methanol, 
or in a measured portion of the acetonitrile-methanoi mixture 
until the concentration of vitamin D is about 25 µ.g per mL, to 
obtain the Assay Preparation. · 

Chromatographic System-Use a chromatograph, operated at 
mom t.emperature, fitted with an ultraviolet detector that mon­
itors absorption at 254 nm. a 3<km X 4.6-mm stainless steel 
cl_eanup column packed with column packing L7 and using Mo­
bilt Phase A, and a 25-cm X 4.6-mm stainless steel analytical 
column packed with column packing L3 and using Mobile Phast 
B. 

CLEANUP COLUMN SYSTEM SUITABILITY TEST- Pipet 5 mL 
of the Standard Prepararion into a round-bottom flask fitted with 
a reflux condenser, and add 2 or 3 crystals of butylated hy­
droxytoluene. Displace the air with nitrogen, and heat in a water 
bath maintained at a temperature of 90° in subdued light under 
an atmosphere of nitrogen for 45 minutes, to obtain a solution 
containing vitamin P and pre-vitamin D. Cool, add 10.0 mL of 
Internal Standard Solution, mix, and evaporate in vacuum to 
dryness by swirling in a water bath maintained at a temperature 
not higher than 40°. Cool under running water, and introduce 
nitrogen sufficient to restore atmospheric pressure. Without de­
lay, dissolve the residue in 10.0 mL or a mixture of equal volumes 
of acetonitrile and methanol, and mix. Inject 500 µL of this 
solution into the cleanup column, and record the chromatogram 
as directed under Procedure. The chromatogram exhibits a peak 

. exhibiting a retention time between 5 and 9 minutes, correspond­
ing to the separation under a single peak of the mixture of vitamin 
D, pre-vitamin D, and A4,6-chol~tadienol from other substances. 
Adjust the water content or other operating parameters, if nec­
essary (sec Mobile Phase A). 

ANALYTICAL COLUMN SYSTEM SUITABlLITY TBST- Trans­
fer about 100 mg of USP Vitamin D Assay System Suitability 
RS to a l 00-mL volumetric flask, add a I in 20 mixture of toluene 
and Mobile Phase B to volume, and mix. Heat a portion of this 
solution, under reflux, at 90° for 45 minutes, and cool. Chro­
matograph five injections of the resulting solution, and measure 
the peak: responses as directed under Procedure. The relative 
standard deviation. for the cholecalciferol peak response does not 
exceed 2.0%, and the resolution betwee.n trans-cholecalciferol and 
pro-<:holecalciferol is not Jess than 1.0. [NOTJ;---Chromatograms 
obtained as directed for this test exhibit relative retention times 
of approximately 0.4 for p.re-cholecalciferol, 0.5 for trans-cho-
lecalciferol, and 1.0 for choJecalciferolJ · . 

Calihrati~ 
VITAMIN o RRSPONSE FACTOR-Transfer 4.0 mL of the Stan­

dard Preparation and 10.0 mL of Internal Standard Solution to 
s. 100.mL volumetric flask; dilute with Mobile Phase B to volume, 
and mix to obtain the Working Standard Preparation. Siore this 
Working Standard Preparation at a temperature not above 0°, 
retaining the unused portion for the Procedure. Inject 200 l'L 
of the Working Standard Preparation into the analytical column, 
and measure the peak respo~ for vitamin D and for .0.4,6-
cholestadienol. The re.lative retention time of .0.4,6-cholcstadienol 
is about 1.3. Calculate the response factor, F 0 , by the formula: 

C,l(R,C,), 

in which C, and C, are the concentrations, in 1'8 per mL, of 
vitamin D and b.4,6-cholestadienol, respectively, in the Working 
Standar.d Preparation, and. R4 is the ratio of the peak response 
of vitamin D to that of .M,6-cholestadienol. 

PRE-VITAMIN D RESPONSE FACTOR- Pipet 4 mL of the Stan­
dard Preparation into a round-bottom flask fitted with a reflux 
condenser, and add 2 or 3 crystals of butylated hydroxytoluene. 
Displace the air with nitrogen, and heat in a water bath main­
tained at a temperature of 90° in subdued light under a nitrogen 
atmosphere for 45 minutes, • to obtain a solution containing vi-' 
tamin D and pre-vitamin D. Cool, transfer with the aid of several 
portions of Mobile Phase B to a 100-mL volumetric flask con­
tll.ining 10.0 mL of lnlerna/ Standa,d So/uzion, dilute with Mo­
bile Phase B to volume, and mix to obtain the Working Mixture. 
Inject 200 µL of this Working Mixture into the analytical col­
umn, and measure the peak response& for vitamin D, pre-vitamin 
D, and A4,6-cholestadienol. (;alculate the concentration. C,, in 
µg per mL, of vitamin D in the (heated} Working Mixture by 
the formula: 

.FDC,R'n 

m which c, is the concentration, in µ.g per mi, of A4,6:.choles-­
tadienol, and R', is the ratio of the peak•response for vitamin D 
to that for .i4,6-(:holestadienol. Calculate the concentration, CI'!"' 
in µg per mL, of pre-vitamin D, in the Working Mixture by the 
forml!la: 

c,,... - c. - c •. 
Calculate the response factor, F P"" for pre-vitamin D by the for­
mula: 
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(FoK ,C'p,,)/(R: pnC,), 

in which R' l"!. is the ratio of the peak response of pro-vitamin D 
to that of &4,6-<:holestadienol. [NO'rn-Value of F pndetermined 
in duplicate, on different days, can be used durtng the whole 
procedure.] · 

Procedur~Inject 500 µL of the Assay Preparation into the 
cleanup column, and collect the fraction representing 0.7 to 1.3 
relative to the retention time of the mixed vitamin D peak {see 
Cleanup column system suitability test} in a round-bottom flask. 
Add 50 µL of Butylated Hydroxytofuene Solution, mix, and 
evaporate in vacuum to dryness by swirling in a water bath main­
tained at a temperature not higher than 40°. Cool under running 
water, and introduce nitrogen sufficient to restore atmospheric 
pressure. Without delay, dissolve the residue in 5.0 mL of a I 
in 20 mixture of toluene and Mobile Phase B, and mix. Inject 
200 JLL of this solution into the analytical column, and measure 
the peak responses for vitamin D, pre-vitamin D, and .M,6-cho­
lestadienol. Calculate the concentration, in 1,1g per mL, of cho­
lecalciferol (C27H.4O) or ergocalciferol (YSII+;O) in the Assay 
Preparation by the formula: ' 

(R" oFo + R''p,,,Fpr,)C',, 

in which R"o is the ratio of the~ response of vitamin D to 
that of A4,6~holestadienol, R"2~1s the ratio of the peak response 
of pro-vitamin D to that of A4,6-cholestadienol, arid C', is the 
concentration. in µg per mL, of A4,6-<:bolestadienol in the Assay 
Preparation. 

Chemical Method 
The following procedure is p_rovided for the determination of 

vitamin D as an ingredient of Pharmacopeial preparations. 
Complete the assay promptly, and exercise care throughout the 

proced11re to keep to a minimum the exposure to air and to actinic 
light., preferably by the use of a blanket of inert gas and low-
actinic glassware. · · 

Referea.ceStandard-fNOIB-Usc USP ErgocalciferoJ RS, or 
USP Cholecalciferol RS, for assaying pharmaceutical dosage 
forms that are labeled to contain vitamin D as eriocalciferoJ, or 
as cholecalciferol, respectively.} USP Ergocalcijerol Reference 
Standard-Store in a cold place, protected from light. Allow it 
to attain room temperature before opening ampul. Use the ma­
terialfromptly, and discard the unused portion. USP Cholecal­
cifero Reference Standard-Store in a cold place, protected from 
light. Allow it to attain room temperature before opening ampul. 
Use the material promptly, and discard the unused portion .. 

Special Rea.gents and Solutions- · 
CHROMATOGRAPHIC FULLER'S EARTH-Use chromato­

graphic fuller's earth having a water content corresponding to 
between 8.5% and 9.0% of loss on drying. 

SOL VENT HEXANB-Use solvent hexane (see under haJents), 
redistillini if necessary so that it meets the following addltional 
specification: · 

Spectral purity-Measure in a 1-<:m cell at 300 nm, with a 
suitable spectrophotometer, against air as the blank: the absorb­
ance is not more than 0.070. . 

ETHYLENE DICHLORIDE-Purify by passage through a col­
umn of granular (20 to 200 mc:$h) silica gel. 

POTASSIUM HYDROXIDE SOLUTION-Dissolve 500 g of po­
tassium hydroxide .in water to make 1000 mL. 

BtrrYLATED HYDROXYTOLUBNE SOLUT[ON-Dissolve 10 mg 
of butylated hydroxytoluene in JOO mL of alcohol. Prepare this 
solution fresh daily. 

ETHER-Use freshly distilled ether, discarding the first and 
lasi l 0% portion~ of the distillate. · 

COLOR REAOBNT-Prepare two stock sotuiions aa follows. 
Solution A-Empty, without weighing, the entire contents of 

a previously unopened 113-g bottle of dry, crystalline antimony 
trichloride into a flask containing . about 400 m.L of Ethylene 
Dichloride. Add about 2 g of anhydrous alumina, mi:t,.and filter 
through filter paper into a clear-gl~s. glass~ppered container 
calibrated at 500 mL. Add Ethylene Dichloride to make 500 
mL, and mix: the absorbance of the solution, measured in a 20-
mm cell at 500 nm, with a suitable spectrophotometer, against 
Ethylene Dichloride, does not exceed 0.070. . 
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So/utwn B-Mix, under a hood, 100 mL of acetyl chloride 
and 400 mL of Ethykne Dichloride. · 

Mix 45 mL of Solution A and 5 mL of Solution B to obtain 
the Color Reagent. Store in a tight container, and use within 7 
days, but discard any reagent in which a color develops. 

Chromatographic Tubes--
FIRST COLUMN-Arrange for descending column chromatog• 

raphy a tube of 2.5-cm (inside) diameter, about 25 cm long, and 
constricted to 8-mm diameter for a distance of 5 cm at the lower 
end, by inserting at the point of constriction a coarse-porosity, 
sintered-glass disk or a small plug of glass wool. The constricted 
portion may be fitted with an inert, plastic stopcock. 
. SECOND COLUMN-8elect.a tube that is made up of three 
sections: (l) a flared top section, 18 mm in (inside) diameter and 
approximately 14 cm Jong, (2) a middle section, 6 mm in (inside) 
diameter and approximately 25 cm long, and (3) a tapered, con­
stricted lower exit tube approximately 5 cm long. Insert a small 
plug of glass wool in the upper I ~m portion of the constricted 
section. 

Chromato:raphic ColWIJll&-
FlRST COLUMN-To about 125 mL of isooctane contained in 

a screw-capped, wide-mouth bottle add 25 g of chromatographic 
siliceous earth, and shake until a slurry is formed. Add, dropwise 
and with vigorous mixing, 10 mL of polyethylene glycol 600. 
Replace the bottle cover, and shake vigorously for 2 minutes. 
Pour about half of the resulting slurry into the chromatographic 
tube, and aJlow it to settle by gravity. Then apply gentle suction, 
and add the remainder of the slurry in small portions, packing 
each portion with a 20-mm disk plunger. When a solid surface 
has formed, remove the vacuum, and add about 2 mL of isooo-
tane. ·· · · 

SECOND COLUMN-Pack the midsection of the tube with 3 g 
of moderately coarse Chromatographic Fullers Earth. with the 
aid of gentle suction (about 125 mm of mercury). 

Standard Prerarsti'}!!-[limlvl!\ about ?,~ me nf Rt!ference 
Standard, accurateJy weighed, in iso.octane to give a known con­
centration of abo.ut 250 µ,g per mL. Store in a refrigerator. · 

.On the day of assay, pipet 1 mL of the standard solution into 
a 50-mL volumetric flask, remove the solvent with a stream. of 
nitrogen. and dissolve the residue in, and dilute to volume with, 
Ethylene Dichloride, and milt .. 

Sample Preparad-On--Accurately weigh or measure a portion 
of the sample to be assayed, equivalent to not less than 125 ~ 
but pre(erably about 250 µg of ergocalciferol (10,000 USP Units). 
,If little or no vitamin A is present in the sample, add about 1.5 
mg (the equivalent of 3000 USP Units) of vitamin A acetate to 
provide the needed pilot bands in the subsequent chromatogra• 
phy. . 

For capsules or tablets, reflux not Jess than IO of them in 10 
mL of water on a steam bath for about 10 minutes, crush the 
remaining solid with a blunt glass rod, and warm for S minutes 
longer. · . . .. 

Add a volume of Potassium Hydroxide Solution representing 
2.5 mL for each g of the total weight of the sample, but not less 
than a total of 3.0 mL. Add 10 mL of BuJylaJed Hydroxyto/uene 
Solution and 20 mL of alcohol. Reflux vigoroosly on a steam 
bath for 30 minutes. Cool, and transfer the saponified mixture 
to a conical separator, rinsing the saponification flask with three 
10-mL poi:tlons of water and three 50-mL portions of Ether, add­

ing each rinse to the separdtor. Add about 4 g of sodium. sulfate 
decahydrate to the separator, and extract by shaking for 2 min­
utes. If an emulsion forms, extract with three 25-mL portions of 
Ether: Combine the ether extracts, if necessary, and wash by 
swirling gently with 50 mL of water Repeat the washing more 
vigorously with additional 50-mL portions of water until the last 
portion shows no pink coior on the addilton of phenolphthalein 
TS. Tramfer the washed ether extract to c. 250-mL volumetric 
flask, add Ether to volume, and mix. Transfer the entire sample 
or an ae<:urately measured aliquot containing about 250 µg to a 
tall-form, 400-mL beaker containing about 5 g of anhydrous so­
dium sulfate. Stir for 2 minutes, then decant the solution into a 
second 400-mL beaker. Rinse the sodium sulfate with three 2.)• 
.mL portions of Ether, adding each rinse to the main portion. 
Reduce the total volume to about 30 mL by evaporation on a 
steam bath, and transfer the concentrate to a small, round-bottom 
evaporation flask. Rinse the beaker with three 10-mL portions 

....... 
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of Ether, adding the rinsings to the flllllk. With the aid of vacuum 
in a water bath at a temperature not exceeding 40°, or with a 
stream of nitrogen at room temperature, remove the remaining 
solvent completely. Dissolve the residue in a small amount of 
Solvent Hexane, transfer to a 10-mL volumetric flask, dilute with 
Solvent Hexane to volume, and mix, to o~tain the Sample Pre,r 
oration. 

Proced■re-
FJRST COLUMN CHROMATOGRAPHY- Just as the 2 mL of 

isooctane disappears into the surface of the prepared Fir,t Col­
umn, pipet 2 mL of tbe Sample Preparation onto the column. 
As the meniscus of the Sample Preparation reaches the column 
surface, add the first of three 2-mL portions of Solvent Hexane, 
addin; each succeeding portion as the preceding portion disap­
pears mto the column. Continue adding Solvent Hexane in por­
tions of 5 to 10 mL until 100 mL has been added. If necessary, 
adjust the flow rate to between 3 and 6 mL per minute, by 
application of gentle pressure at the top of the chromatographic 
tube. 

Discard the first 20 mL of effluent, and collect the remainder. 
Examine the column under ultraviolet light at intervals during 
the chromatography, and stop the flow when the front of the 
fluor~nt band representing vitamin A is about 5 mm from the 
bottom of the column. (The ultraviolet lamp should provide weak 
radiation in the 300-run region. It is frequently necessary to use 
a narrow aperture or screen with commercial lamps to reduce 
the amount of radiation to the minimum required to visualize the 
vitamin A on the column.) 

Transfer the eluate to a suitable evaporation flask, and remove 
the solvent hexane completely under vacuum at a temperature 
not above 40° or with a stream of nitrogen at room temperature. 
Dissolve the residue in about 10 mL of Solvent Hexane. 

S!!CONl> COLUMN CHROMATOGRAPHY-Add the solvent 
hexane solution obtained as directed under First Column Chro­
matography onto the Second Column. Rinse the evaporation 
flask with a total of 10 mL of Sofvenr He"411e in small partions, 
auuiug each ponion to the Second Column and allowmg it to 
flow through the column, and discard the effiuent. When about 
1 mL of die hexane remaiN above the surface of the oolumn, 
add 75 mL of benzene, and elute with the aid of gentle suction 
(about 125 mm of mercury), collecting the eluate. Eva~rate the 
benzene under vacuum at a temperature not above 40 , or with 
a stream Qf nitrogen at room temperature. 

ASSAY PREPARATION-Dissolve the residue obtained as di­
rected under Seccnd D:,/umn Chromatography in a small amount 
of EthyleM Dtchlorlde, transfer to a 10-mL volumetric flask, 
dilute with Ethylene Dichloride to volume, and mix, to obtain 
the Assay Preparation. 

COLOR DEVELOPMENT-Into each of three suitable, matched 
colorimeter tubes of about 20-mm (inside) diameter, and desig­
nated J, 2, and 3, respectively, pipet I mL of the ksay Prep­
aration. Into tube 1 pipet l ruL of lhe Standard Preparatlon, 
into tube 2, l mL of .Ethylene Dichloride, and into tube 3, 1 mL 
of a mixture of equal volumes of acetic anhydride and Ethylene 
Dichloride. To each tube add quickly, and preferably from an 
automatic pipc:t, 5.0 mL of Color Reagent, and mix. After 45 
seconds, accurately timed, following the addition of the culor 
reagent, determine: the absorbancc:s of the three solutions at 500 
run, with a suitable spectrophotometer, using Ethylene Dichloride 
as the blank. Similarly, 45 seconds after making the first reading 
on each solution, determine the absorbances of the solutiom in 
tubes 2 and 3 at 550 nm, in a similar manner. Designate the 
absorbances as A1:;oo, A2soo. A3soo, A2sso, and A3

5so, respectively, 
in which the superscript indicates the number of the tube and 
the subscript the wavelength. 

Calculatio.a---Calculate the quantity, in µg, of vitamin Din the 
portion of the sample taken i>y the formula: 

( Csf C)(Au/ As), 

in which Cs is the concentration of vitamin D, in µg per mL, of 
the Standard Preparation, C is the concentration of the sample 
(a, g, capsules, tableui, etc.) in each mL of the final solution, Au 
has the value of (A2

500 - A3soo) - 0.67(A2S50 - A3
5so) deter­

mined from the absorbances observed on the solution from the 
As.ray Preparation, and As has the value of A1s00 - A2500 dc:­
tenmned on the solutions from the Standard Preparation. 

VSPXXII 

Biological Method 
The biological assay of vitamin D comprises the recording and 

interpretation of observations on groups of rats maintained on 
specified dietary regimens throughout specified periods of their 
lives whereby the biological response to the preparation under 
assay is compared with the respoJl.flC to USP Vitamin D Capsules 
RS. 

Referetice Standard-USP Cholecalcifuol Reference Stan­
dard-Store in a cold place, protected from light. Allow it to 
attain r®m temperature before opening ampul. Use the material 
promptly, and discard the unused portion. 

Prelimiaary Period-Throughout the preliminary period in the 
life of a rat, which is not longer than 30 days and extends from 
birth to the first day of the depiction period, maintain litters of 
rats under the immediate supervision of, or according to the di­
rections of, the individual responsible for the assay. During the 
preliminary period, use a dietary regimen that provides for normal 
development but is limited in its content of vitamin D, so that 
when placed upon the RacMtogenic Diet in the-depletion period 
the rats develop rickets. At die end of the preliminary period, 
reject any rat that weighs less than 44 g or more than 60 g, or 
that shows evidence of injury, disease, or anatomical abnormality. 

Depletiola Period-Through the depiction period, which ex­
tends from the end of the preliminary P.eriod to the first day of 
the assay period. provide each rat ad hbitum with the Rachito­
genic Diet and water, and allow access to no other food or dietary 
supplement. 

Racldtogenic Diet- The Rachito1enic Diet coruists of a uni­
form mixture of the following ingredients in the proportions shown 
in the accompanying tablo. 

Rachitogenic Diet 

Ingredient 
Whole yellow com, gtmtnrf 
Wheat gluten, ground 
Calcium carbonate 
Sodium. chloride 

Parts by 
weight 

76 
20 

3 
1 

When a chemical analysis of the entire ration shows a Ca:P 
ratio of less than 4; 1 or more than 5: I, the proportion of calcium 
carbonate may be varied to bring the adjusted ratio to a uniform 
level within this range. 

Assigning Rats to Groups for Assay Period-Consider a litter 
suitable for the assay period when individual rats in the litter 
show evidence of rickets such as enJargcdJ'oints au.cl a distinctive 
wobbly, rachitic gait, provided that the eplc:tion feriod is not 
less than 19 or more than 25 days. The presence o rickets may 
be established also from the width of the rachitic metaphysis 
upon X-ray examination or by applying the l.JM Test (described 
below) to a leg bone of one member of each litter. 

Record the weight of each rat, and assign it to a group, in 
which each rat will be fed a specified dose of the Reference 
Standard or of an aBsay sample that is under examination for its 
vitamin D potency. For each assay sample provide one or more 
assay groups and not less than two standard groups. The two 
standard groups may be used for the concurrent assay of more 
than one assay sample. Within an interval not exceeding 30 days, 
complete the assignment of rats to groups according to a design 
th.at divides litters among the groups, to achieve a complete bal­
ance. 

For complete balance, whereby each litter is represented equally 
in every group, use 7 or more litters containing at least as many 
depleted rats as there are groups. From a given litter, assiJtn one 
rat, selected at random, to each group on the same day. If a 
litter contains twice as many rats d$ there are group~, assign a 
second sent$ of rats similarly. The last one or two litters to be 
assigned may be allotted to groU{'S so that at the start of the 
assay period the average body weight of any completed groups 
will not differ by ·more than 8 g from that of any other group. . 

Assay Doses-Select two dosage levels 9f the USP Cholccal­
ciferol RS, spaced so that the ratio of the larger to the smaller 
dose is not Jess than 1.5 or more than 2.5. Select one or two 
dosage levels based upon a sjngle assumed potency for each sam­
ple. The dosage levels of the sample are equivalent to tho.,e of 
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the standard or to a mid-level equal to the square root of the 
product of the two dosage levels of the standard. · 

Select dosage levels such that, when fed to rachitic rats, they 
are expected to produce degrees of calcmcation within the range 
specified under the test of data acceptability. Before feeding, 
the Reference Standard and/or sample may be diluted with cot­
tonseed oil, provided that not more than 0.2 mL is fed on any 
one day. Store the oil solutions in well-closed bottles, protected 
from ltght, at a temperature not exceeding 10°, and use within 
5 weeks. 

Assign one group of rats to each dosage level of the standard 
and of the one or more samples. · 

Assay Period-During the assay period, which extends from 
the end of the depletion period for a fixed interval of 7 to l 0 
days, cage each rat individually and provide it ad Jibitum with 
the Rachitogenic Diet and water. Supply a Rachitogenic Dtet 
prepared from the same lot.<i of ingredients to all rats. On the 
first and on the third (or fourth) day -of the assay period, feed 
each rat one-half of its total assigned dose. 

Throughout the assay period, maintain as uniform environ­
mental conditions as possible for all rats, and exclude exposure 
to antirachitic radiations. At the end of a fixed period of 7 to 
10 days, weigh and kill each rat. From those rats that do not 
weigh less at the end than at the start of the assay period and 
that have consumed each assigned dose within 24 hours of the 
time it was fed, dissect out one or more leg bones for examination 
by the Line Test. 

Line Test-Reinove the proximal end of a tibia or the distal 
end of a radius, and clean adhering tissue from it, in any one 
assay using the same bone from all animals. With a clean, sharp 
blade cut a median, longitudinal section through the juncture of 
the epiphrsis and dia physis at the same place on each bone. Rinse 
both sections in purified water, immene immediately in silver 
nitrate solution (1 in 50) for l minute, and rinse again in purified 
water. Expose the cut surface of bone, .in water, to daylight or 
another source of actinic light until the calcified areas develop 
a clearly defined stain without marked discoloration of the un­
calcilied area&. 'lbe staining procedure may be modified to dif­
ferentiate more clearly between calcified and un.calcified areas. 

Score the degree of calcification of the rachitic mctaphysis in 
each rat, according to a scale that allows the average response 
to be plotted as a straight line against the logarithm of the dose. 

Acceptability-Observations are acceptable for use in calcu­
lation of the potency only from those groups in which tw<rthirds 
or more but not less than 7 rats show calcification at least as 
great as the lowest level and not greater than the highest level 
illustrated in the figure. lf the average score of the standard 
group on the high dosage level is not greater than the average 
score of the standard group on the low dosage level, discard the 
results; and repeat the assay. If an assay sample is represented 
solely by assay groups that are not acceptable for measuring 
vitamin D potency and in each of which the average score is less 
than the average score of the standard group on the low dosage 
level or more than the average score of the standard group on 
the high dosage level, its assayed content of vitamin D is re­
spectively less than that represented by the low dose or more than 
that represented by the high dose of the Reference Standard. 
. Calculaooo-Tabulate the scores (y), listing each litter .in a 
separate row with treatment groups in columns. Omit any groups 
that do not meet the test for Acceptability. Egualize the number 
of observations in the acceptable groups by disregarding the re­
sults on all litters not equally represented in the groups :or by 
other suitable means (sec Design and Analysis of Biological As­
says ( 11 J > ); Total the/ scores for each of the treatment groups, 
where/ is the number of litters, and designate each total as T 
with subscripts l and 2 for the low and high dosage levels, re­
spectively. Compute the slope b from the sums of T1, i:e., ~Ti, 
and of Tz, i.e., :tT2, for the standard and sample, provided the 
latter. is represented at both dosage levels, from the equation: 

b = (l:T2 - 't;T1)/ifh', 

in which i is the logarithm of the ratio of the high dose to the 
low dose and is the same for each preparation, and h' is the 
number l>f preparations represented by two dosage levels and 
included in the calcnlation of the value of b. 

Compute the logarithm of the relative potency of each speci• 
men under assay from the equation: 

Chemical Tests / Zinc Determination (591} 

log (relative potency) = M' . 
= (Jiu - Ys)/b 
= ih'T ,/1.'XTb, 

1555 

in which each mean score, Yu for the assay sample and Ys for 
the Reference Standard, is the average of the individual scores 
for an intermediate dosage level or of the two means for the high 
and the low dosage levels and where Tb= IT2 - l:T1 and T,, 
isasdefined(sceDeslgnand Atialysiso/Biologica!Assays ( 111) ). 
Convert each observed M' to its antilogarithm to obtain the rel­
ative potency of the sample. Multiply the relative potency by 
the assumed potency of the assay oil in Units per g, adopted at 
the start of the assay, to obtain its assayed content of vitamin D 
in USP Units per g. 

(591) ZINC DETERMINATION 
The need for a quantitative determination of zinc in the Phar­

macopeial insulin preparations reflects the fact that the element 
is an essential component of zinc-insulin crystals. In common 
with lead, zinc may be determined either by the dithizone method 
or by atomic absorption.· 

Dithizone Method 
Select all reagents for this test to have as low a content of 

heavy metals as practicable. If necessary, distil water and other 
solvents into hard or borosilicate glass apparatus. Rinse thor­
oughly all glassware with warm dilute nitric acid (1 in 2) followed 
by water. Avoid using on the separator any lubricants that dis­
solve in chloroform. 

Special Solutions aad SoJTent&-
ALKALINE AMMONruM CITRATE SOLUTION-Dissolve 50 g 

of dibasicammonium citrate in water to make 100 mL. Add 100 
mL of ammonium hydroxide. Remove any heavy metals that 
may be present by extracting the solution with 20-mL fortions 
of Dtthizone Extraction Solu#on (see Lead (251)) unti the di­
thizone solution r,,tai!I.S a de.ar gr~n ~ofor, the.n i:-xtract any iii­
thizone remaining in the citrate solution by shaking with chlo­
roform. 

CHLOROFORM-Distil chloroform in bard or borosilicate glass 
apparatus, receiving the distillate in sufficient dehydrated alcohol 
to make the final concentration 1 mL of alcohol· for each 100 
mL of distillate. 

D11HIZONESOLUTION-UseStandard Dithizone Solution (see 
Lead (251} ), prepared with the distilled Chloroform. 

STANDARD Z[NC SOLUTION-Dissolve 625 mg of zinc oxide, 
accurately weighed, and previously gently ignited to constant 
weight; in 10 mL of nitric acid; and add water to make 500.0 
mL. This solution contains 1.0 mg of zinc per mL. 

DILUTED STANDARD ZJNC SOLUTION-Dilute I mL of Stan­
dard Zinc Solu·uon, accurately measured, with 2 drops of nitric 
acid and sufficient water to make 100.0 mL This solution con­
tains 10 µg of zinc per mL. Use this solution within 2 weeks. 

TRICHLOROACETIC ACID SOLUTION-Dissolve 100 g of tri­
chloroacetic acid in water to make 1000 mL. 

Procedure-Transfer I to 5 mL of the preparation to be tested, 
accurately measured, to a centrifuge tube graduated at 40 mL. 
If necessary, add 0.25 N hydrochloric acid. drop,vise, to obtain 
a clear solution. Add 5 mL of Trichloroacetic Acid Solution and 
sufficient water to make 40.0 mL. Mix,.and centrifuge. 

Tramfer to a hard-glass se~rator an accurately measured vol­
ume of the supernatant liquid believed tQ contain from 5 to 20 
µg of zinc, and add water to make about 20 mL. Add U mL 
of Alkaline Ammonium Citrate Solution and 35 mL of Dithiz.one 
Solution. Shake vigorou.~ly 100 times. Allow the chloroform 
phase to separate. Insert a cotton plug in the stem of the separator 
to remove any water emulsified with the chloroform. Collect the 
chloroform extract (discarding the first portion th.at comes 
through) in a test tube, and dete.rmine the absorbancc at 530 nm, 
with a suitable spectrophotometer. 

Calculate the amount of zinc present by reference to a standard 
absorbance-concentration curve obtained by using 0.5 mL, LO 
mL, 1.5 mL, and, if the zinc content of the sample extr.acted 
exceeds 15 "'*' 2.0 mL of the Diluted Standard Zinc So/urion, 
corrected as indicated by a blank determination run concomi­
tatit!y, using all of the reagents but no added zinc. 
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Physical Tests and 
Determinations 

( 60 I) AEROSOLS 
Delbery Rate---Select not less than four aerosol containers, 

shake, if the label includes this directive, remove the caps and 
covers, and actuate each valve for 2 to 3 seconds. Weigh each 
container accurately, and immerse in a constant-temperature bath 
until the internal pressure is equilibrated it a temperature of 25 
± 1 ° as determined by constancy of internal pressure as directed 
under Pressure Testing. Reroove the C1;>ntainers from the bath, 
remove the excess moisture by blotting with a paper towel, shake, 
if the label includes this djrective, actuate each valve for 5.0 
seconds (accurately timed by use of a stopwatch), and weigh each 
container again. Return the containers to the constant-temper­
ature bath, and repeat the foregoing procedure three times for 
each container. Calculate the. average delivery rate, in g per 
second, for each co.ntainer. . 

Leak Testing---Select 12 aerosol contain~. and record the 
date and time to the nearest half-hour. Weigh each container to 
the nearest mg, and record tl)e weight, in mg, of each as W1• 
Allow the containers to stand in an upright position at room 
temperature for not less than 3 days, aod again weigh each con­
tainer, recording the weight, in mg; of each as W2 and recording 
the date and time to the nearest half-hour. Determin.e the time, 
T, in hours, during which the containers were under test Cal­
culate the leakage rate, in mg per year, of each oontainer by the 
formula: 

(365)(24/ 1)(W1 - Wll. 
Where ptast1c---...oated • giass aerosol containers arc tested, dry 

the containers in a desiccator for 12 to 18 hours, a.tid allow them 
to stand in a constant-humidity environment for 24 hours prior 
to detei'ntioiog the initial wewit as indicated above. Conduct 
the test under the same humidity conditions. . 

Empty the contents of each container tested by employing any 
safe technique; e.g., chill to reduce the internal pressure, remove 
the valve, and pour. Remove any residual contents by rinsing 
with suitable solvents, then rinse with a few portions of methanol. 
Retain as a unit the container, the valve, and all associated parts, 
and heat them at 100° for 5 minutes. Cool, weigh, record the 
weight as W1, and determine the net fill weight (W1 - W,) for 
each container tested. 

The requirements are met if the average leak:a~e rate of the 
12 containers is not more than 3.5% of the net fill weight per 
year, and none of the coniainers leaks more than 5.0% of the.net 
fill weight per year. If 1 container leaks more than 5.0% per 
year, and if none of the containers leaks more than 7.0% per year, 
determine the leakage rate of an additional 24 containers as di­
rected herein. Not more than 2'of the 36 containers leak more 
than 5.0% of the net fill weight per year, and none of the ~6 
containers leaks m~re ~an ~.0% of the net fill weight per year. 

Where the net f1U weight 1s less than 15 g and the label bears 
an expiration date, the requirements are met if the average leak• 
age rate of the 12 containers is riot more than 525 mg per year, 
and oone of the containers leaks more than 750 mg per year. If 
1 container leaks more than 750 mg per year, but not more than 
l.l g per year, determine the leakage rate of an additional 24 
containers as directed herein. Not more than 2 of the 36 con­
tainers leak more than 750 mg per year, and none of the 36 
container~ lea~s more thao. 1.1 g per year. • 

This test is in addition to the customary in-line leak testing of 
each container. · 

Pres.sutt Testin~lect not l~s than four aerosol containers, 
remove the caP.s and covers, and immerse in a constant-temper­
ature bath until the internal pnissure is constant at a temperature 
of 25 ± l 0 - Remove the containers from the bath, shake well, 
and remove the a~a~r and w~ter, .if a.nr, from the valv~ stem. 
Place each contai.ner m an upnght pos1t1on, and detenmae the 
pressure in each container by placing a pre-pressurized gauge on 
the valve stem, holding firmly, and actuating the valve so that it 
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is fully open. Tbe gau~e is of a calibration approximating the 
expected pressure and ts fitted with an adapter appropriate for 
the particular valve stem dimensions. Read the pressure direct 
from the gauge. 

Unit Spray Sampling Apparatus-The apparatus described 
herein is employed, where indicated in the individual monograph, 
to obtain a test specimen from metered-dose aerosols through the 
inhalation actuators provided. 

The apparatus consists of an intake sxstem comprising the in­
halation actuator (A), intake adapter {B), and intake tube (C, 
approximately 5 cm X 15 cm; drawn to 8 mm at one end); a 
delivery tube to which is attached a coarse-porosity, sintered-glass 
dispersion bubbler (D); a collection chamber (E, gas-washing bot­
tle) that contains an absorbing solution; and a vacuum system 
comprising a vacuum source, a flow-regulator, and a flowmeter. 
The intake adapter is constructed to provide the necessary cou­
pling to the inhalation actuator provided with the aerosol under 
test. To avoid loss of the drug into the atmosphere when the 
aerosol is discharged, air is drawn continuously at the rate of 12 
± 1 liters per minute through the intake system into the collection 
chamber and absorbing solution by meaos of a suitable vacuum 
system. Alternatively, an apparatus embodying the principle of 
the assembly described and illustrated may be used. 

to -vacwm 
/IYffllm 

0 

C 

Aerosol 
container 

A 

Apparatus for Metered-dose Aerosols 

Propellants-
Caution- Hydrocarhon propel/anr.s are highly flammable and 

explosive. Ohse,:ve precautions and perform sampling and an-
afytical operatlo11S tn a well-ventilated fume hood. · 

General Sampling Procedure-This procedure is used to ob­
tain test specimens for those propellants that occur as gases at 
about 25° and that are stored in pressurized cylinders. Use a 
stainless steel specimen cylinder, equipped with a stainless steel 
valve, having a capacity of not less than 200 mL and a pressure 
rating of 240 psi or more. Dry the cylinder with the valve open 
at 110° for 2 hours, and evacuate the hot cylinder to less than 
1 mm of mercury. Close the valve, cool, and weigh. Connect 
one end of a charging line tightly to the propellant container and 
the other end loosely to the specimen cylinder. Carefully open 
the propellant container, and allow the propellant to flush out 
the charging line through the loose connection. Avoid excessive 
flushing that causes moisture to freeze in the char~ line and 
connectiom. Tighten the fi.tting on the specimen cylinder, and 
open the specimen cylinder valve, allowing the propellant to flow 
into the evacuated cylinder. Continue sampling until the de$ired 
amount of specimen is obtained, then close the propellant con­
tainer valve, and finally clooc the specimen cylinder valve. [ Cau­
tto~J.IO not overload the specunen cyimtier.j Again weigh the 
charged specimen cylinder, and calculate the specimen weight. 

Approximate Boiling Temperature-Transfer a 100-mL spec­
imen to a tared, pear-shaped, 100-mL centrifuge tnbe containing 
a few boiling stones, and weigh. Suspend a suitable thermometer 
in the liquid, aod place the tube in a medium maintained at a 
temperature 32 ± 1 ° above the expected boiling temperature. 
When the thermometer reading becomes constant, record as the 
boiling temperature the thermometer reading after 5% of the 
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specimen has distiJled. Retain the remainder of the specimen for 
tbe determination of High-boiling Residues. 
· High-boiling Residues, Mtthod /-Allow 85 mL of the spec­
imen to distil as directed in the tCo$t for Approximate Bolling 
Temperature, and transfer the centrifuge tube containing the 
remaining 15 rnL of specimen to a medium maintained at a tem­
perature 10 ± l O above the boiling temperature. After 30 min­
utes, remove the tube from the water bath, blot dry, and weis}l. 
Calculate the weight of the residue. 

High-boiling Re.ridue, M ethod II-Prepare a oooling cojl from 
copper tubing (about 6 mm outside diameter X about 6.1 m 
long> to fit into a suitable vacuum-jacketed flask. Immerse the 
coohng coil in a mixture of dry ice and acetone in a vacuum­
jacketed flask, and connect one end of the tubing to the propellant 
specimen cylinder. Carefully open the specimen cylinder valve, 
flush the coolin~ coil with about SO mL of the propellant, and 
discard this portion or liquefied proyellant. Continue delivering 
liquefied proP.cllant from the cooling coil, and collect it in a 
previously chilled 1000-mL sedimentation cone until the cone is 
filled to the 1000-niL mark. Allow the propellant to evaporate, 
118ing a warm water bath maintained at about 40° to reduce 
evaporating time. When all of the liquid has evaporated, rinse 
the sedimentation cone with two SO-mL portions or pentanc, and 
combine the rinsings in a tared ISo-mL evaporating dish. Trans­
fer 100 mL of the pe.ntane solvent to a second tared 150-mL 
evaporating dish, place both evaporating dishes on a water bath. 
evaporate to dryness, and beat the dishes in an oven at l 00° for 
60 minutes. Cool the dishes in a desiccator, and weigh. Repeat 
the heating for 15-minute periods until succeasive weighings are 
within 0.1 mg, and calculate the weight of the residue obtained 
from the propellant as the difference between the weights of the 
rcsidu.es in the two evaporating dishes. 

Water Content-Proceed as directed under Water Determi­
nation {921), ~th the following modifications: (a) Provide: the 
clooed-system titrating vessel with an opening through which passes 
a coarse-porosity gas dispersion tube connected to a sampling 
cylinder. (ti) Dilute the Reager.I with anhydrous metimn11l to 
give a water equivalence factor of between 0.2 and 1.0 mg per 

• mL; age this diluted solution not less than 16 hours before stan­
dardization. (c) Obtain a 100-g specimen as directed under Gen­
eral Sampling Procedure, aocf introduce the specimen into the 
titration vessel through the gas dispersion tube at a rate of about 
100 rnL of gas per minute; if necessary, heat the specimen cyJ. 
indcr gently to maintain this flow rate. 

(611) ALCOHOL 
DETERMINATION 

Method I-Distillation Method 
Method I is to be used for the determination of alcohol, unless 

otherwise specified in the individual monograph. It is suitable 
for examining most fluidextracts and tinctures, provided the ca­
pacity of the distilling flask is sufficient (commonly two to four 
times the volume or the liquid to be heated) and the rate or 
distillation is such that clear distillates arc produced. Cloudy 
distillates may be clarified by agitation with talc, or with pre­
cipitated calcium carbonate, and filtered, after whlch the tem­
perature of the filtrate is adjusted and the alcohol content de­
termined from the specific gravity. During all manipulation&, 
take precautions to minimize the lo-,s of alcohol by evaporation. 

FROTHINO-Treat liquids that froth to a troublesome extent 
during distillation by rendering them strongly acid with pb~ 
phoric, sulfuric, or tannic acid, or treat with a slight excess of 
calcium chloride solution, or with II small amount of paraffin or 
silioonc oil before starting the distillation. 

BUMPINO-Prevent bumping during distillation by adding p~ 
rous chi~ of insoluble material such as silicon carbide, or beads. 

For liquids presumed to contain 30% of alcohol or le.rs-By 
means of a pipet, transfer to a suitable d1Btill.ing apparatus not 
less than 25 mL of the liquid in which the alcohol 1.s to be do­
termintd, and oote the temperature at which the volume was 
measured. Add an equal volume of water, distil, and collect a 
volume of distillate about 2 mL less than the volume taken of 
the original test liquid, adjust to the temperature at which the 

original test li9uid was measured, add sufficient water to measure 
exactly the onginal voJume of the: test liquid, and mix. The dis­
tillate is clear or not more than slightly cloudy, and docs not 
contain more than traces of volatile substances other than alcohol 
and water. Determine the specific gravity of the liquid at 25°, 
as direct.cd under Specific Gravity {841}, using this result to 
ascertain the percentage, by volume, of C:z.H5OH contained in 
the liquid examined by reference to the Alcoholomelric Table 
in the section, Reference Tables. 

For liquids presumed to contain more than JO% of a/coho/­
Proceed as directed in the foregoing paragraph, except: dilute 
the specimen with about twice its volume of water, and collect 
a volum.e of distillate about 2 mL less than twice the volume of 
th~ _o~al test liqujd, bring to the te!11Perature at which the 
origin.al li(tuid was measured, add sufficient water to measure 
exactly twice the original volume of the test liquid, mix, and 
determine its specific gravity. Tho proportion of C2H,OH, by 
volume, in this distillate, as ascertained from its specific gravity, 
equals one-half that in-the liquid exanrined. 

Spedal Treatment-
VOLATILB ACIDS ANO BASES-Render preparations contair>­

ing volatile bases slightly acidic with diluted sulfuric acid before 
distilling. If volatile acids arc present, render the preparation 
slightly allcaline with sodium hydroxide TS. 

GLYCBRJN-To liquids that contain glycerin add sufficient 
water so that the residue, after distillation, contains not leas than 
50% of water. 

IODINE-Treat all solutions containing free iodine with pow­
dered zinc before the distillation, or decolorize with just sufficient 
liOdium tbiosulfate solution (I in 10), followed by a few drops of 
sodium hydroxide TS. · 

OTHER VOLAltLBSUBSTANCES-Spirits, elixirs, tinctures, and 
similar preparation& that contain appreciable proportiorui of vol­
atile matcnals other than ale.oho! and water, such u volatile oils, 
chloroform, ether, camphor, etc., require special treatment, as 
follows: 

For liquids pruumed u, contain 50% of alrohol or less-Mix. 
25 mL of the specimen under examination, accurately measured, 
with about an equal volume of water in a separator. Saturate 
this mixture with sodium chloride, then add 25 mL of solvent 
hexane, and shake the mixture to extract the interfering volatile 
ingredients. Draw off the separated, lower layer into a second 
separator, and repeat the extraction twice with two further 25• 
mL portions of solvent hexane. Extract the combined solvent 
hexane solutions with three 10-mL portions of a saturated solution 
of sodium chloride. Combine the saline solutions, and distil in 
the usual manner, collecting a volume of distillate having a simple 
ratio to the volume of the original specimen. 

For liquids presumed to col'llain more than 50 % of alcohol­
Adjust the specimen under examination to a concentration of 
approximately 25% of alcohol by diluting it with water, then 
P.rocwl as dtrected in the preceding paragrar,h, beginning with 
'Saturate this mixture with sodium chloride. • 

In preparing Collodion or Flexible Collodion fot distillation, 
use water in place of the saturated solption of sodium chloride 
directed above. 

H volatile oi]s are present in small proportions only, and a 
cloudy distillate is ob~ined, the solvent hexane treatment not 
having been employed, the distillate may be clarified and ren­
dered suitable for the specific gravity determination by shaking 
it with about one-fifth its volume of solvent hexane, or by filtering 
it through a thin layer of talc. 

Method II-Gas-liquid Chromatographic 
Method .· 

Method II is to be used w.11ere specified in the individual mono­
graph. For a disCUllSion of the principles upon which it is based, 
sec Gas Chromatography under Chromatography (621). 

Apparatus-Under typical c:ond.it:1ons, use a gas chromatograph 
equipped with a flame-ionization detector and a 1.8-m X 4-mm 
(ID) itass column packed with JOO- to 120-mesh chromato­
graphic column packing No. S3, using nitrogen or helium as the 
carrier. Prior to use, condition the column overnight at 23S0 with 
a slow flow of carrier gas. Adjust the ~icr flow and temper-
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ature (about 120°) so that acetonitrile, the internal standard, 
elutes JD 5 to 10 minutes. 

Solutions-
Standard Solution-Dilute 5.0 mL of dehydrated alcohol with 

water to 250 mL. 
Internal Standard Solution-Dilute 5.0 mL of acetonitrilc with 

water to 250 mL. 
Test Solution-Dilute the specimen under examination step­

wise with water to ot>tain a solution containing approximately 2% 
(v /v) of alcohol. 
. Test Prepar.atton--:-Pipet .10 mL each of the Test Solutinn and 

the Internal Standard Solution into a 100-mL volumetric flask. 
and dilute with water to volume. · 

Standard Preparation-Pipet 10 mL each of the Standard 
Solution and the Internal Standard Solution into a lOO-mL vol­
umetric flask, dilute with water to volume, and mix. 

Pro«dure-lnject about 5 µL <:ach of Test Preparation and 
Standard Preparation, in duplicate, into the gas chromatograph, 
record the chromatograms, and determine the f eak response ra­
tios. Calculate the percentage, of alcohol (v /v in the specimen 
under test according to the formula: 

2R,JNsD, 
in which D is the dilution factor, expressed as a fraction, used 
in preparing the Test Solution, and Ru and Rs are the peak 
response ratios obtained for the Test Preparation and the Stan­
dard Prepmation, respectively. 

Srstem Suitability Tt>St-ln a suitable chromatogram, the res­
olut1on factor, R. is not less than 2, and six replicate injections 
of the Standard Preparation show a relative standard deviation 
of not Ill-Ore than 4.0% in the ratio of the peak of alcohol to the 
peak of ~e internal standard, and the tailing factor of the alcohol 
peak is not greater than 1.5. 

{621) CHROMATOGRAPHY 
This chapter defines the terms and procedures used in chro­

matography and provides general information. Specific require­
ments for chromatographic tests and assays of drug substances 
and dosage forms, including adsorbant and developing solvents, 
ate given in the individual monographs, . 

Chromatography is defined as a procedure by which solutes 
are separated by a dynamic differential migration process in a 
system comisting of two or more phases, one of which moves 
oontinuously in a given direction and in which the individual 
substances exhibit different mobilities by .reason of differences 
in adsorption, partition, solubility, vapor pressure, molecular size, 
or ionic charge density. The individual substances thus obtained 
can be identified or detennined by analytical methods. · 

. The general ctu:omatographic technique requires !bat a solute 
undergo distribution between two phases, one of thein. fixed (sta­
tionary phase), the other moving (mobile phase). It is the mobile 
phase that transfers the solute through the medium until it even­
tually emerges separated from other so.lutes that are eluted earlier 
or later. Generally, the solute is traooported through the sepa­
ration medium by means of a flowing stream of· a liquid or a 
gaseous solvent known as the "eluant:" The stationary phase may 
act through adsorr.tion, as in the case of adsorbaots such as ac­
tivated alumina. silica gel, and ion-exchange resins, or it may act 
by dissolving the solute, thus partitioning the latter between the 
stationary and mobile phases. In the latter p.rocess, a liquid coat­
ing held on an inert support serves as the stationary phase. Par­
titioning is the predominant mecharusm of separation in gas-liquid 
chromatography, paper chromatography, and forms of column 
chromatography desLgnated as liquid-liquid chromatography. In 
practice, separations frequently result from a combination of ad­
sorption and partitioning effects. 

The types of chromatography useful in qualitative and quan• 
titative analysis that are employed in the USP assays and tests 
are Column. Gas, Paper, Thin-layer. and Pressurized Liquid 
Chromatography (commonly called high-pressure or rugh-perfor· 
mance liquid chromatography). Paper and thin-layer chroma­
tography are ordinarily more useful for puq,oses of identification, 
because of their convenience and simplietty. Column chroma­
tography offers a wider choice of stationary phases and is useful 
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for the separation of individuaJ compounds, in quantity, from 
mixtures. Both gas chromatography and pressurized liquid chro­
matography require more. elaborate apparatus and usually pro­
vide high-resolution methods that will identify and quantitate 
very small amounts of material. 

Use of Reference Substances in Identity Tests-In paper and 
thin-layer chromatography, the ratio of the distance (this distance 
being measured to the point of maximum intensity of the spot) 
traveled on the medium by a given compound to the distance 
traveled by the front of the mobile phase, from the point of 
af plication of the test substance, is designated as the R1 value 
o the compound. The ratio between the distances traveled by a 
given compound and a reference substance is the R, value. Iif 
values vary with the experimental conditions, and thus identifi­
cation is best accomplished where an authentic specimen of the 
compound in question is used as a reference substance on the 
same chromatogi:am. 

For this purpose, chromatograms are prepared by applying on 
the thin-layer adsorbant or on the paper m a straight line, parallel 
to the edge of the chromatographic plate or paper, solutions of 
the substance to be identified, the authentic specimen, and a 
mixture. of nearly equal amounts of the substance to be identified 
and the authentic specimen. Each sample application contains 
approximately the same quantity by weight of material to be 
cbromatographcd. If the substance to be identified and the au­
.thentic specimen are identical, all chromatograms agree in color 
and R1 value and the mixed chromatogram yields a single spot; 
i.e .. R, is 1.0. 

Location o( Components-The spots produced by paper or thin­
layer chromatography may be located by: (1) direct inspection 
if the compounds are visible under white or either short- (254 
nm) or long-wavelength (360 nm) ultraviolet light, (2) inspection 
in white or ultraviolet light after treatment with reagents that 
will make the spots visible. (reagents are most conveniently ap­
plied with an atomizer), (3) use of a Geiger-MUller counter or 
autoradiographic techniques in the case of the presence of ra­
dioactive substance&, or {4) evidence resulting from stimulation 
or inhibition of bacterial growth by the placing of removed por­
tions of the adsorbant and substance on inoculated media. 

In open-column chromatography, in pressurized liquid chro­
matography performed under conditions of constant flow rate, 
and in gas chromatography, the retention time, t, defined as the 
time elapsed between sample injection and appearance of the 
peak concentration of the eluted sample zone, may be used as a 
parameter of identification. Solutions of the substance to be iden­
tified or derivatives thereof, of the reference compound, aDd of 
a mixture of equal amounts of these two are chromatographed 
successively on the same column under the same chromatographic 
conditions. Only one peak should be observed for the mixture. 
The ratio of the retention times of the test substance, the ref­
erence compound, and a mixture of these, to the retention time 
of an internal standard is called the relative retention time R, 
and is also used frequently as .a parameter of identification . 

The deviations of R,, R1! or t values measured for the test 
substance from the values obtained for the reference compound 
and niixture should not exceed the reliability estimates deter­
mined. statistically from replicate assays of the reference com­
pound. 

Chromatographic identification by these methods under given 
conditions strongly indicates identity but does not constitute de­
finitive identification. Coincidence of identity parameters under 
3 to 6 different sets of chromatographic conditions (temperatures, 
column packings, adsorbants, eluants, developing solvents, var­
iaus chemical derivatives, etc.) increases the probability that the 
test and reference substances are identical. However, many iso­
meric compounds cannot be seearated. Specific and pertinent 
chemical, spectroscopic, or phys1cochemical identification of the 
eluted componont combined with chromatographic identity is the 
most valid criterion of identification. For this purpose, the in­
dividual components seJ)!lrated by chromatography may be col­
lected for further identification. 

Paper Cltromatography 
.In paper chromatography the adsorbant is a sheet of paper of 

suitable texture and thickness. Chromatographic separation may 
proceed through the action of a single liquid phase in a process 
analogous to adsorption chromatography in columns. Since the 
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natural water content ot the paper, or selective imbibition of a 
hydrophilic component of the liquid phase by the paper fibers, 
may be regarded as a stationary phase, a partitioning mechanism 
may contribute significantly to the separation. 

Alternatively, a two-phase system may be used. The paper is 
impregnated with one of the phases, which then remains station­
ary ( usually the more polar phase in the case of unmodified paper). 
The chromatogram is developed by slow passage of the other, 
mobile, phase over the sheet. Development may be ascending, 
in which case the solvent is carried up the paper by capillary 
forces, or descending, in which case the solvent flow is also as­
sisted by gravitational force. 

Differences in the value of R1 have been reported where chro­
matograms developed in the direction of the paper grain (machine 
direction) are compared with others deve!ope<I at right angles to 
the grain. Therefore, the orientation of paper gr.on with respect 
to solvent flow should be maintained constant in a series of chro­
matograms. (The machine direction is usually designated by the 
manufacturer on packages of chromatography paper.) 

DESCENDING CHROMATOGRAPHY 
In descending chromatography, the mobile phase flows down­

ward on the chromatographic sheel 
Apparatus-The essential equipment for descending chroma­

tography c<>nsists of the foUowmg. 
A vapor-light chamber provided with inlets for addition of 

solvent or for releasing internal pressure. The chamber is con­
structed preferably of glass, stainless stee], or porcelain and is so 
designed as to permit observation of the progress of the chro­
matographic run without opening of the chamber. Tall glass 
cylinders are convenient if they are made vapor-tight with suitable 
covers and a sealing compound. 

. A rack of corr<>lion-resistant material about 5 cm shorter than 
the. inside he.igbt of the chamber. The rack serves as a support 
for solvent .troughs and for antisiphoning rods which, in turn, hold 
up the chromatographic sheets. 

One or more glass troughs capable of hoJding a volume of 
oolvent greater than that needed for o~e chromatographic run. 
Th.e troughs must also be longer than the Width of the chroma­
tographic sheets. 

Heavy 1tass anti-siphoning rods to be supported by the rack 
and runmng outside of, parallel to, and slightly above the edge 
of the glass trough. · 

Chromatographic sheets of special filter paper at least 2.5 cm 
wide and not wider tha.n the length of the troughs arc cut to a 
length approximately eq_ual to the height of the chamber. A fine 
pencil line is drawn horizontally across the filter paper at a dis­
tance from one end such that, when the sheet is S11Spended from 
the anti-siphoning rods with the upper end of the paper resting 
in the trough and the lower portion hanging free into the chamber, 
the line is located a few centimeters below the rods. . Care is 
necessary to avoid contaminating the filter paper by excessive 
handling or by contact with dirty surfaces. 

Procedure-The substance or substances to be analyzed are 
dissolved in a suitable solvent. Convenient voJumes, delivered 
from suitable micropipets, of the resulting solution, normally corr 
taining 1 to 20 µg of the compound, arc placed in 6- to IO.mm 
spots along the pencil line not less than 3 cm apart. If the total 
volume to be applied would produce spots of a diameter greater 
than 6 to 10 mm, it is applied in separate portions to the ~e 
spot, each portion being allowed to dry before the next is added. 

The spotted chromatographic sheet is suspended in the cham­
ber by use of the anti-siphoning rod, which holds the upper end 
of the sheet in the solvent trough. The bottom of the chamber 
is covered with the prescribed solvent system. Saturation of the· 
chamber with solvent vapor is facilitated by lining the inside walls 
with paper that is wetted with the prescribed solvent S¥Stem. It 
is important to ensure that the portion of the sheet hanging below 
the rods is freely suspended in 1.be ch11.o,her without touching the 
rack or the chamber walls or the fluid in the chamber. The 
chamber is sealed to allow equilibration (saturation) of the cham­
ber and the paper with the solvent vapor. Any excess pressore 
is released as necessary. For large chambers, equilibration over­
night may be necessary. 

A volume of the mobile phase i.n excess of the volume required 
for complete development of the chromatogram is saturated with 
the immobile phase by shaking. After equilibration of the cham-
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ber, the prepared mobile solvent is introduced into the trough 
through the inlet. The inlet is closed and the mobile solvent phase 
is allowed to travel down the paper the desired distance. Pre­
cautions must be taken against allowing the solvent to run down 
the sheet when opening the chamber and removing the chro­
matogram. The location of the solvent front is quickly marked, 
and the sheets are dried. 

The chromatogram is observed and measured directly or after 
suitable development to reveal the location of the spots of the 
isolated. drug or drugs. The paper section(s) predetermined to 
contain the isolated drug(s) may be cut out and eluted by an 
appropriate solvent, and the solutions may be made up to a known 
volume and quantitatively analyzed by appropriate chemical or 
instrumental techniques. Similar procedures should be con• 
ducted with various amounts of similarly spotted reference stans 
dard on the same paper in the concentration range appropriate 
to prepare a valid calibration curve. 

ASCENDING CHROMATOGRAPHY 
In ascending chromatography the lower edge of the sheet (or 

strip) is dipped into the mobile phase, to permit the mobile phase 
to rise pn the chromatographic sheet by capillary action. 

Apparatus-The essential equipment for ascending chroma­
tography is substantially the same as that described under De-
scending Chromatography. • 

Procedtu'e-The test materials are applied to the chromato­
graphic sheets as directed under Descending Chromatography, 
and above the level to which the paper is dipped into the devel­
oping solvent. The bottom of the developing chamber is covered 
with the developing solvent system. If a two-phase system is used. 
both phases are added. It is also desirable to line the walls of 
the chamber with paper and to saturate this lining with the solvent 
system. Empty solvent troughs are placed on the bottom of the 
chamber, and the chromatographic sheets arc suspended so that 
the end on which the spots have been added hangs free inside 
the empty trough. . 

The chamber is sealed, and equilibration is Rllowed f.o proceed 
as described under Des.cendinf Chromatography. Then the de­
veloping solvent (mobile phase) is added through the inlet to the 
trough in excess of the solvent rcqaj_red for complete moistening 
of the chromatographic sheet. The chamber is re-1iealed. When 
the solvent front has reached the desired height, the chamber is 
opened and the sheet is removed and dried. 

Quantitative analyses of the spots may be conducted as de-
scribed under Descendfng Chromatography. . 

Thin-layer Chromatography 
In thin-layer chromatography, the adsorbant is a relatively thin, 

uniform layer of dry, fineJy powdered material applied to a glass, 
plastic. or met.al sheet or plate, glass plates being most commonly 
employed. The coated plate can be considered an "open chrO: 
matographic column" and the separations achieved may be based 
upon ad~rptic;in, partition, or a combination of both effects, de­
pending on the particular type or support, its preparation, and 
its use with different solvents. Thin-layer chromatography on ion­
exchange films ca.n be used for the fractionation of polar com­
pounds. Presumptive identification can be r:ffr,eted by observa­
tion of spots of identical R1 value and about equal inagmtude 
obtained. respectively, with an unknown and a reference sampJe 
chromatographcd on the same plate. A vi$ual comparison of the 
size of the spots may serve for semiquantitative estimation. quarr 
titative measurements are possible by means of densitom­
etry, fluorescence, and auorescence quenching; or, the spots may 
be caref11lly removed from the plate, followed by elution with a 
suitable solvent and spectrophotometric measurement. For two­
dimensional thin-layer chromatography; the chromatographed 
plate is turned at a right angle and again chromatographed, ,~~11-
ally in another chamber equilibrated with a different solvent sys-
tem. . ' 

Apparat11$-Acceptable apparatus and materials for thin-layer 
chromatography consist of the following 

Flat glass plates of convenient size, typically 20 cm X 20 cm.1 

An aligning tray or a flat surface upon w.hich to align anri .rest 
the plates during the application of the adsorbant. 

1 Commercially prepared plates may be substituted for plates 
prepared as directed herein. 
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A storage rack .to bold the prepared plates during drying and 
transportation. The rack holding the plates should be kept in a 
desiccator or be capable of being sealed in order to protect the 
plates from the enVJronmcnt after removal from the drying oven. 

The adsorbant consists of finely divided adsorbent materials, 
normally S µm to 40 µm in diameter, suitable for chromatogra­
phy. It can be applied directly to the glass plate or can be bonded 
to the plate by means of plaster of Paris (hydrated calcium sul­
fate) [at a ratio of S to 15%] or with starch paste or other binders. 
The fomter. will not yield as hard a surface as will the starch, 
but it is not affected by strongly oxidizin~ spray reagents. The 
adsorbant may contain fluorescing material to aid in the visu• 
alization of spots that absorb ultraviolet light. 

A spreader, which, when moved over.the glass plate, will apply 
a uniform layer of adsorbant of desired thickness over the entire 
surface of the plate. 

A developing chamber that can accommodate one or more 
plates and can be properly clooed and sealed as described under 
Ascending Chromalography. The chamber is fitted with a plate­
support rack that supports the plates, back to back, with the lid 
of the chamber in place. · 

A template (generally made of plastic) to aid in placing the 
test _sp?ts at d~finite intervals, to mark distances as needed, and 
to aid m labeling the plates. . · · 

A graduated micropipet capable of delivering 10-µL quantities. 
ToU!l qu~ntities of test and standard solutions arc specified in 
the mdiv1dual monograph. · ·· . 

A reagent sprayer that will .emit a fine spray and will not itself 
be attacked by the reagent. 

An ultraviolet light source suitable for observations with short 
(254 nm) and long (360 nm) ultraviolet wavelengths. 

Procedure----[NOTE-ln this procedure, use purified water that 
is obtained by disti!lation.J Clean the plates scrupulously; as by 
immersion in cbrontic acid cleansing mixture, rinsing them with 
copious quantities of water until the water runs off the plates 
without leaving any visible water or oily spots, then dry.· It is 
important that the plates be completely free from .lint and dust 
when the adsorbent iE applied. . 

Arrange the plate or plates on the aligning tray, place a 5- X 
20.Cm plate adJacent to the front edge of the first square plate 
and another 5- X 20-cm plate adjacent to the rear edge of the 
last square, and secure all of the plates so that they will not slip 
during the application of theadsorbant. Position the spreader on 
the end plate opposite to the raised end of the aligning tray. Mix 
1 part of adsorbant with 2 parts of water (or in the ratio suggested 
by the supplier) by shaking vigorously for 30 seconds in a glass­
stoppered conical flask, and transfer the slurry to the spreader. 
Usually 30 g of adsorbant and 60 mL of water are sufficient for 
five 20- X 20-cm plates. Complete the a_Pplication of adsorbants 
using pl.aster of Paris binder within 2 f(Unutcs of addition of the 
water, since thereafter the mixture begins to harden. Draw the 
spreader smoothly over the plates toward the ra~ed end of the 
aligning tray, and remove tlie spreader when it is on the end plate 
next to the raised end of the align!ng traY.. (WilSh away all tra~s 
of adsorbant from the spreader immediately after use.) Allow 
the plates to remain :undisturbed for 5 minutes, then.tzan.sfer the 
square plates, layer side up, to the storage rack, and dry at 105° 
for JO minutes. Pteferably place the rack at an angle in the 
drying oven to prevent the condensation of moisture on the back 
side of plates in the rack. When the plates are dry, allow t~m 
to cool to room temperature, and inspect the uniformity of the 
distribution and the texture of the adsorbant lay-er; transmitted 
light will show uniformity of distribution, and reflected light will 
show. uniformity of texture. Store the satisfactory plates over 
silica gel in a suitable chamber. · 

Plice two filter-paper wicks, 18 cm in height and as wide as 
the length of the developing chamber, into the chamber, add 
about 100 ml. of the solvent. (1mfficient. to have a depth of 5 mm 
to. 10 mm at the bottoni of the chamber), seal the cover to the 
tup oi the chamber, and allow the system to equilibrate; it is 
essential that the wicks become completely wet. Alternatively, 
the chamber may be completely lined with filter paper. In either 
case, assure that the ftlter paper dips into the solvent at the 
bottom of the chamber. Where vapor saturation of the chamber 
by these methods is undesirable, it is so indicated in the individual 
monograph. · 

Apply the Test solution and the Standard solution, as directed 
in the individual monograph, at points about 1.5 cm apart and 
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about 2 cm from the lower edge of the plate (the lower edge is 
the first part over which the spreader moved in the application 
of the adsorbant layer), and allow to dry. Avoid physical dis­
turbance of the adsorbant during the spotting procedure (by the 
pipet or other applicator) or when handling the plates. The tem­
plate will aid in determining the spot points and the 10- to l 5-
cm distance through which the solvent front should pass. · 

Place a mark JO cm to 15 cm above the spot point. Arrange 
the plate on the supporting rack (test spots toward the bottom), 
and introduce the rack into the developing chamber. Allow the 
solvent in the chamber to reach the lower edge of the adsorbant, 
but do not allow the spot points to be immersed. Put the cover 
in place, and maintain the system until the solvent ascends to a 
pomt IO cm to 15 cm above the initial spots, this usually requiring 
about JS minutes to I hour. Remove the plate from the devel­
oping chamber, mark the solvent front, air-dry the plates, and 
observe first under short0wavelength ultraviolet light (254 run) 
and then under long-wavelength ultraviolet light (360 nm). Mea­
sure and record the distance of each spot from the point of origin, 
and indicate for each spot the wavelength under which it was 
observed. Determine the R1 values for the principal spots (see 
Glossary of Symbols). If further directed, spray the spots with 
the reagent specified, observe, and compare the test chromato­
gram with the standard chromatogram. 

Continuous Development 
Thin-layer Chromatography 

In contrast to conventional thin-layer chromatography, which 
is carried out jn a closed tank, the continuous development or 
continuous flow techni9.ue allows the upper end of the plate to 
project through a slot m the cover of the developing chamber. 
When the developing solvent reaches the slot, continuous evap­
oration occurs, producing a steady flow of solvent over the plate. 
In conventional thin-layer chromatography, spot ntigration ceases 
when the solvent reaches the tcip of the plate, after which the 
spots simply enlarge by diffusion. In the continuous flow process, 
spot migration continues as long as the plate remains in the tank 
and the developing solvent is not exhausted. · 

Development may be continued for several hours after the sol• 
vent reaches the top of the plate, to provide adequate migration 
of the spots. Usually spots of a standard solution, a test solution, 
and a mixture of equal amounts of test and standard solutions, 
are initially applied at a standard distance from the base of the 
plate. Identity of the standardand test substances is confinned 
by their migrating equal distances from the origin and by the 
observation that the two substances applied as a mixture show 
no tendency to separate. . 
. A major advantage of continuous development thin-layer chro• 

matography stems from the greater solvent selectivity for solvents 
of low solvent strength. Solvent strength refers to the property 
of a developing solvent that causes sofutes to migrate, and it is 
strongly influenced by the polarity of the solvenJ. Increasing the 
solvent strength by adding a more polar solvent causes the R1 
value to increase. Solvent selectivity refers to the ability of a 
solvent system to produce different R1 values for closely related 
substances. In conventional thin-layer chromatography, a solvent 
system giving an Rj value in the range of 0.3 to 0. 7, but with 
adequate setectivity to permit separation of the substances beiDg 
examined is usually selected. It is much easier to find solvent 
systems producing adequate migration than to find those afford-
ing adequate selectivity. · . 
· Solvent systems of lower strength generally exhibit hi~er se­
lectivity, but are difficult to employ in conventiooal thi&-layer 
chromatography because they result in very little migration ~ 
fore the solvent reaches the top of ~he plate. Migration may be 
increased, however, by repeated drying and redevelopment of the 
plate or, more conveniently, by providing me.ans for evaporation 
of solvent at the top of the plate, which results in continuous 
development. Two techniques are used: continuous development 
and sliort-bed continuous development thin-layer chromatogra­
phy. 

An R1 value cannot be measured in continuous development 
thin-layer chromatography. Substances may be compared either 
by their migration distance over a fixed period of time or by 
comparison with the migration of a standard substance applied 
to die plate. The comparison may be expressed as a relative 
retention, R, (see Glo.r.rary of Symbols). 

j 
I 
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Continuous development-Continuous development thin-layer 
chromatography as required for antibiotics is described in the 
Appendix lo USP XX, Antibiotic Regulations. 

APPARATlJS-Ae-0eptable apparatus and materials for contin­
uous develop;ment thin-layer chromatography are the same as 
those described under conventional Thin-layer Chromatography, 
except as follows: . 

A developing chamber is used that consists of a rectan~lar 
tank, approximately 23 cm X 23 cm X 9 cm, equipped wtth a 
glass solvent trou&h and a platform about 3. 75 cm high to elevate 
the solvent trough above the base of the tank. The chamber is 
fitted with a cover having a 2 cm X 6 cm slot in the front edge. 
. PROCEDURE-On a line about 2 cm from the base of the plate, 
af ply the Standard solution, the Test solution, and a mixture 
o equal amounts. of the Standard and Test solutions. Place the 
plate in the elevated empty solvent trough with the adsorbant on 
the underside of the leaning plate. The adsorbant rests against 
a piece of heavy (about l mm tbick)2 filter paper measuring 20 
cm X 3 cm, folded lengthwise and placed over the front edge of 
the tank. Place the developing solvent in the trough; set the cover 
in place and seal all openings except where the adsorbant contacts 
the paper wick. The plate extends atiout l cm beyon4 the top 
of the tank. After the solvent reaches the top of the plate, allow 
development to continue for an appropriate time. Then remove 
.and dry the plate, and dctcct the spots by suitable means. 

Short-bed continuous denlopment-A major advantage of the 
short-bed technique derives from the fact that solvent velocity is 
inversely related to bed length. Since spot migratiori depends 
upon the total amolint of solvent passing over the plate, the short­
bed permits useful migration to be obtained in a reasonable time 
with solvent having very low solvent strength. Lower diffusion 
in solvents of low solvent strength produces smaller and more 
dense spots, which enhances both detectability and discernment 
of small differences in migration distance. · · 

APPARATUS-Acceptable apparatus and materials for short· 
bed continuous development thin-layer chromatography arc the 
same as those described under conventiona.1 Thin-layer Citr<>-
matography, except as follows: . 

A shallow developing chamher3 approximately 22 cm X 9 cm 
X 3 cm, equipped with a cover plate and tight-fitting polytef 
wings that enable the chamber to be sealed against the plate, is 
used. The inside bottom of the chamber contains ridges that 
support the plate a11,d allow it to be inserted at different angles, 
thereby varying the length of the plate contained within tbe tank. 

PROCEDURE-On a line about 2 cm from the base of the plate, 
apply the Standard solution, the Test solution, and a mixture 
of equal parts of the Standard and Test solutions. Place th.e 
plate in the developing chamber (adsorbant side up), and add the 
developing solvent to the chamber. No paper .wick is employed. 
After the solvent reaches the top of the plate, allow development 
to continue for an appropriate time. The.n remove and dry the 
plate, and detect the spots by suitable means. 

Column Chromatography 
Appara~The apparatus required for column chromato­

grapliic procedures is. simple, consisting only of the chromato­
graphic tube itself and a tamping rod which may be needed to 
pack a pledget of glass wool or cotton, if needed, in the base of 
the tube and compress the adsorbant or slurry unif~rmly within 
the tube. In some cases a porous glass disk is sealed at the base 
or th.e tube in order to support the contents. The tube is cyli~ 
drical and is made of glass, unless another material is specified 
in the individuaJ monograph. A. smaller-diameter delivery tube 
is fused or otherwise attacbed by a leak-proof joint to the lower 
end of the main tube. Column dimensions are variable; the di­
niensions of thoi;e commonly used in pharmaceutical analvsis range 
from 10 mm to 30 mni'in uniform inside diameter and 150 mm 
to 400 mm in length, exclusive of tite delivery tube. Tile delivery 
tube, usually 3 mm to 6 mm in inside diameter, may include a 
stopcock for accurate control of the flow rate of solvents through 
the column. The tamping rod, a cylindrical ram firmly attached 
to a shaft, may be constructed of plastic, glaH&, stainless steel, or 
aluminum, unless another material is specified in the individual 

2 Whatman No. 3MM' filter paper or equivalent. 
3 Suitable equipment is available from Regis Chemical Com­

pany, Morton Grove, IL. 
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monograph. The shaft of the rod is substantially smaller in di­
ameter than the column and is not Jess than 5 cm longer than 
the effective length of the column. The ram has a diameter about 
I mm smaller than the inside diameter of the column. 

COLUMN ADSORPTION CHROMATOGRAPHY. 
The adsorbant (such as activated alumina or silica gel, calcined 

diatomaceous silica, or chromatographic purified siliceous earth) 
as a dry solid or as a slurry is packed into a glass or quartz 
chromatographic tube. A solution of the drug in a small amount 
of solvent is added to the top of lhe column and allowed to flow 
into the adsorbant. The drug principles are quantitatively re­
moved from the soluticm and are adsorbed in a narrow transverse 
band at tbe top of the column. As additional solvent is aJlowed 
to flow through the column, either by gravity or by application 
of air pressure, each substance progresses .down the column at a 
characteristic rate resulting in a spatial separation to give what 
is known as the chromatogram. The rate of movement for a given 
substance is affected by several variables, including the adsorp­
tive power of the adsorbant and its particle size and surface area; 
the nature and polarity of the solvent; the hydrostatic head or 
applied pressure; and the temperature of the chromatographic 
system. 

If the separated compounds are colored or if they nuoresce 
under ultraviolet light, the adsorbant column may be extruded 
and, by transverse cuts, the appropriate segments may then be 
isolated. The desired compounds are then extracted from each 
segment with a suitable solvent. If the compounds are colorless, 
they may be located by means of painting or spraying the ex· 
truded column with coJor-forming reagents. Chromatograpbed 
radioactive substances may be located by means of Geiger-Mllller 
detectors or similar sensing and recording instruments. Clear 
plastic tubing made of a material such as nylon, which is inert 
to most solvents and transparent to short-wavelength ultraviolet 
light, may be packed with adsorbant and used as a chromato­
graphic column. Such a column may be sliced with a sharp knife 
without removing the packi!lg frQm !he tubing. !f a fluorescent 
adsorbant is used, the column may be marked under ultraviolet 
light in preparation for slicing. 

A "flowing" chromatogram, which is extensively used, is ob­
tained by a procedure in which solvents are allowed to flow through 
the column until the separated drug appears in the effluent so­
lution, known as the "eluate." The <4-ug may be determined in 
the eluate by titration or by a spectrophotometric or colorimetric 
method, or the solvent may be evaporated, leaving the drug ill 
more or less pure form. If a se(:000_ drug principle is involved, 
it is eluted by continuing the first solvent or by passing a solvent 
of stronger eluting power through the column. The efficiency of 
the separation may be checked by obtaining a thin-layer chr~ 
matogram on the individual fractions. 

A modified procedure for adding the mixture to the column is 
sometimes employed. The drug, in a solid form, and, as in the 
case of a powdered tablet, without separation from the ext:ipients, 
is mixed with some of the adsorbant and added to the top of a 
column. The subsequent flow of solvent moves the drug down 
the column in the manner described. 

COLUMN PARTITION CHROMATOGRAPHY 
In partition chromatography the substances to be separated. 

are partitioned. between two immiscible liquids one of which, the 
immobile phase, is adsorbed on a Solid Support, thereby pre­
senting a very large surface area to the flowing solvent or mobile 
phase. The exceedingly high number of successive liquid-liquid 
contacts allows an efficiency of separation not achieved in or­
dinary liquid-liquid extraction. · 

The Solid Support is usually polar, and the adsorbed immobile 
phase more polar than the mobile phase. The Solid Supl!ort that 
1s most wideiy used is chromatographic siliceous earth 11aving a 
particle size suitable to permit proper flow of eluant.• fo Reverse­
phase partition chromatography the adsorbed immobile phase is 
less polar than the mobile phase and the solid adsorbant is ren­
dered nonpolar by suitable treatment with a silanizing agent, such 
as dichlorodimethylsilane, to give siianfa:ed chromatographic si-
liceous earth. . 

· 4 A suitable grade is acid-washed Celite 545, available from 
Johns-Manville Corp., 22 East 40th St., New York, NY 10016. 

. 
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The sample to be chroma~graphed is usually introduced i~to 
the chromatographic system m one of two ways: (a) a solution 
of the sample in a small volume of the mobile phase is added to 
the top of the column; o.r, (b) a solution of the sample in a small 
volume of the immobile phase is mixed with the Solid Support 
and transferred to the column as a layer above a bed of a mIXture 
or immobile phase with adsorbant. 

Development and elution are accomplished with flowing sol­
vent as before. The mobile solvent usually is saturated with the 
immobile solvent before use. 

In conventional liquid-liquid partition chromatography, ~e d~ 
gree of partition of a given compound between the two liquid 
phases is expressed by its partition or distribution coefficient. In 
the case of compounds that dissociate, distribution can be con­
trolled by modifying the pH, dielectric constant, ionic strength, 
and other properties of the two phases. Selective el~tion of the 
components of a mixture can be achieyed by successively chang­
ing the mobile phase to one ~t proVJdes a mor~ favo~ble par­
tition coefficient, or by changmg the pH of the unmobile phase 
In situ with a mobile phase consisting of a solution of an appro­
priate acid or base in an organic solvent. 

Unless otherwise specified in the individual monograph, assays 
and tests that employ column partition chromatography are per­
formed according to the following general method. 

Solid Support-Use purified siliceous earth. Use. ~ilanizcd 
chromatographic siliceous earth for reverse-phase part1t1on chro­
matography. 

· Stationary Phase-Use the solvent or solution specified in the 
individual monograph. If a mixture of liquids is to · be used as 
the Stationary Phase, mix them prior to the introduction of the 
So[id Support. 

Mobile Phas~Use the solvent or solution specified in the 
individual monograph. ~uilib!3te it with water if the S~ationary 
Phase is an aqueous solut1on; if the Stationary Phase IS a polar 
organic fluid, equilibrate with that fluid. 

Preparation of Chromatograpbk Column-Unless ot~erwise 
specified in the individual monograph, the chromatographic tu~e 
is about 22 mm in inside diameter and 200 mm to 300 mm 10 

length, without porous glass disk, to which is attached a delivery 
tube without stopcock, about 4 mm in inside diameter and about 
50 ~ in length. Pack a pledget of fine glass wool in the b~ 
of the tube. Place the specified volume of Stationary Phase m 
a 100- to 250-mL beaker, add the specified amount of Solid 
Support, and mix to produce a homogeneous, fluffy mixture. 
Transfer- thjs mixture to the chromatographic tube, and tamp, 
using gentle pressure, to o~tain a uniform mass. If the s~ified 
amount of Solid Support 1s more than 3 g, transfer the muturc 
to the column in portions of approximately 2 g, and tamp each 
portion. If the assay or test requires a multi-segment column, 
with a different Stationary Phase specified for each segment, 
tamp after the addition of each segment, and add each succeeding 
segment directly 10 the previous one. 

· If a· solution of the analyte is incorporated in the Stationary 
Phase, complete the quantitative transfer to the chr!)matographic 
tube by scrubbin$ the beaker used for tbe preparatto.n of the test 
mixture with a muture of about l g of Solid Support and several 
drops of t_he solvent used to prepare the test solution. 

Pack a pJcdget of fine glass wool above the completed column 
packing. The Mobile Phase flows through a properly packed 
column as a moderate stream or, if reverse-phase chromatography 
is applied, as a slow trickle. 

Procedme--Transfer the Mobile Phase to the column space 
above the column packing, and allow it to flow through the col­
umn under the influence of gravity. Rinse the tip or the chfo.. 
matographic column with about 1 mL of Mobile Phase before 
each change in composition of Mobile Phase and after completion 
of the elution. ff the a.nalyte is introduced i.nto the column as a 
solution in the Mobile Phase, allow it to pass completely int<? the 
column packing, then add Mobile Phase m s.everal small portions, 
allowing each to drain completely, before adding the bulk of the 
Mobile Pha.re. Wl)ere the assay or test requires the use of mul­
tiple chromatographic r.olnmns mounted in series and the addition 
of Mobile Phase m divided portions is specified, allow each por­
tion to drain completely through each column, and rinse the tip 
of each with · Mobile Phase prior to the addition of each suc­
ceeding portion. · 
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Pressurized Liquid Chromatography 
Advances in column technology, high-pressure pumping sys­

tems and sensitive detectors have transformed liquid column 
chro~tography into a high-speed, high-efficiency method of sep­
aration. This method is sometimes referred to as HPLC, which 
is alternatively expressed as either high-perf onnance liquid chro­
matography or high-pressure liquid chromatography. The col­
umn technology is based upon the use of small-bore (2- to 5-mm 
ID) columm and small-parti~le (3- to 5(?-µm) packings th_at allow 
fast equilibrium between mobile a!l(I sta~onary phases. Thi~ small­
particle column technology requires high-pressure pumping sys­
tems capable of deHvering the mobile phase at high pressure, as 
much as 300 atmospheres, to achieve flow rates of several mL 
per minute. Since it is often necessary to use small amounts of 
analyte (usually less than 20 µg) with. the column pa9ki~gs, sen­
sitive detectors arc needed. With this technology, hqu1d chrer 
matography can give high-speed separations comparabfe in many 
cases to those achieved by gas chromatography, with the advan­
tage that nonvolatile or thermally unstable materials can be chro­
matographed without decomposition or the necessity for making 
volatile derivatives. . 

One type of statio~ary phase support use~ in_ these packi~gs 
consists of micro-part1~les 30 µ.m to 50 µm in diameter, h.avmg 
a solid center and a thin porous crust. Some of these pcll1cular 
support materfals can be pre-activated to. give th~m adsorptive 
properties, while others can be covered with a thin film of sta­
tionary phase for partition or ion-exchange separations. The sta­
tionary phase can be either a liquid or a polymer, ~ither ~;ed 
or chemically bonded to the surface of the support 10 a thin film 
that reduces mass transfer resistances so that fast equilibrium 
between mobile and stationary phases can be attained. A liquid 
stationary phase must be largely immiscible in the mobfle pliasc 
solvent· it 1s usually necessary to pre-saturate the mobile phase 
sol vent' with the stationary phase liquid to prevent stripping of 
the stationary phase from the column. Pol:ymer stationary phases 
coated on the support are more durable. Stationary phases that 
have been chemically bonded to the support provide greater con­
venience for U6e with ll variely of solvents and at elevated tem-
peratures. . 

Other, smaller-diameter packing materials of 3- to 10-µm di­
ameter are 3!most completeiy porous and gi~e much !1}0re effi­
cient separations than the 30- to .50-µm particle S'!'ckings.- '.fhe 
particles can also ~ made adsorpt.iv~ or covered with a st~tionary 
phase. It is essential that these packings be slur:ry-packed rn order 
to obtain high-efficiency columns, in contrast to the 30- to 50-
µ.m particles which can be dry-packed.· 

The three fonns of high-performance liquid chromatography 
most often used arc ion-exchange, partition, and ad.,orption. Ion­
exchange chromatogrciphy is used mainly for separation of water• 
soluble ionic or ion.izable materials of molecular weight less than 
l 500. The stationary phases of ion-exchange chromato~raphy are 
usually synthetic organic resins having different act.Jve groups 
present. Cation-exchange resins co~tain negatively charge<! ac­
tive sites and are used to separate basic substances such as amines, 
while anion-exchange resins have positively charg~d active sites, 
which will attract substances such as those carrying phosphate, 
sulfonate, or carboxylatc groups which arc negatively charged. 
Water-soluble ionic or ionizable compounds are attracted to the 
resins and differences in affinity bring about the chromato­
graphic separation. The P.H of the mobjle ph~, temperature, 
ion type, ionic concentration, and orgaruc modifiers affect the 
attraction of the solute, and these variables can be adjusted to 
obtain the desired degree of separation. 

In partition 7bromatograpby, mobile_ and stati?nary phases of 
different polanty are used. If the mobile phase 1s polar and the 
stationary phase nonpolar, referred to as reverse-phase chroma­
tography, then nonpolar, hydrocarbon-soluble compo~ds_ of mo­
lecular weight less than 1000, such as fa.t-solubl~ vnamms 11.ild 
anthraouinones, can be separated by their affinity for the st11--: 
tionary· phase. Modification of the polar mobile phase solvent 
with a less polar solvent causes a decrease in affinity. and the 
retention of the compounds on the column. If the mobile phase 
is nonpolar and the stationary phase polar, then polar material 
such as alcohols and amines can be chromatographed. The non­
polar mobile phase can then be modified with a more polar solvent 
to decrease retention and change the separation. 

A wide range of nonionic com~unds can _be chromatographed 
by adsorption chromatography with the choice of the proper sta-
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tionary and mobile phases. (for further details of both the par­
tition and absorption techniques, see the preceding sections.) 

Apparat1s-Tbe liquid chroma to graph consists basically of a 
pumping system, analyte injection device, chromatographic col­
umn, detector, amplifier, and recorder. The high-pressure pump­
ing system delivers the mobile phase solvent from the solvent 
reservoir to the column through high-pressure tubing and fittings. 
Two means for analyte introduction onto the column are injection 
into a flowing stream and a "stop-flow" injection. These tech­
niques can be used with either a syringe or an injection valve. 
For the syringe injection technique, a septum may be used where 
the column head pressures are Jess than 70 atmospheres (about 
1000 psi). At higher prcssures;an injection valve may be used 
to introduce the test specimen. Some valve systems incorporate 
a calibrated loop that is loaded with a test specimen and then 
transferred by the valve system to the flowing stream of mobile 
phase. Other valve systems permit introduction of the analyte 
mto a cavity using a syringe. The loaded cavity is then switched 
into the high-pressure stream by the valve system. In the "stop­
flow" technique, column flow is stopped, and after the injection 
~rt pressure drops to zero, the port is opened and the analyte 
injected with a syringe. The injection port is then closed and 
pumping is resumed. High pressure is rapidly re-established and 
little :zonHpreading is incurred in the process. The "stop-flow" 
technique allows better injection reproducibility at higher pres­
sures than does the use of a septum, and the problem of septum 
deterioration with many solvents is averted. · 

The columns normally used for analytical separations have small 
(2- to 4-mm) in.teroal diameters; larger-<Uameter columns are used 
for preparative steps. Columns may be heated to give more ef­
ficient s~arations, but only rarely are they used at temperatures 
above 60 because of potential difficulties resulting from sta­
tionary phase degradation or mobile phase volatility at elevated 
temperatures. Unless otherwise specified in the individual mono­
graph, the column is maintained at ambient temperature. 

The detectors commonly used include the ultraviolet photom­
eter, the differential refractometer, and the fluorometer. The 
low-pressure mercury ultraviolet pbotometer is a common and 
stable detector, but its use is limited to the detection of materials 
tha.t absorb radiation at a wavelength of 254 nm. Its limit of 
sensitivity to compounds that absorb ultraviolet light strongly 
may be about 1 ng. Compounds that do not absorb light at 254 
nm appreciably may often be converted to suitable derivativCll 
that absorb at this wavelength, thereby increasing the range of 
af plicability of the single-wavelength detector. The introduction 
o spectrophotometers equipped with micro ceJJs and detectors 
capable of operating at additional wavelengths has extended the 
scope of ultraviolet detection. 

The differential refractometer de.tects differences between the 
refractive indcxe8 of the pure solvent and of a solution of the 
chromatographed test substance in the solvent. While more gen­
erally applicable, it is a Jess sensitive detector havin; a lower 
limit of about 1 µg and is responsive to small changes m solvent 
composition, flow rate, and temperature, so that a reference col­
umn and flow of mobile phase may be required to give a satis­
factory baseline. 

The fluorometer is a sensitive detector for compound.3 that are 
inherently fluorescent or that can he converted to fluorescent 
derivatives either b_y chemical transformation of the compound 
or by coupling with fluorcsccnt reagents at specific functional 
groups. 

With some reagent:;, derivatization is carried out prior to chro­
matographic separation of the derivatives. In another approach, 
the reagent is introduced into the elucnt stream and reacts with 
the analyte in .rltu, and the derivative is then exposed to the 
detector. 

An electrochemical detector employing carbon-paste elec­
trodes mounted in a thin-film cell of very small volume may 
advanta,teously be employed to measure very small amounts (1 
ng) of easily oxidized compounds, part1cuiar1y piu.:11ois and cat­
eeltoJs. 

In general, the signal from the detector is amplified before 
being fed to a suitable automatic recording device, usually a strip­
chart potcntiometric recorder, where the signal is plotted versus 
time. The signal may go also to an electronic djgJtaJ integrator 
for the automatic measurement of chromatogram peak areas. 

The mobile phase composition significantly influences chro­
mat.ographic performance and should be controlled carefully. The 
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composition can have a far greater effect on capacity factors (k 
or ratio of amount of time spent in stationary phase lo time spent 
in the mobile phase; see under Gas Chromatography) than the 
temperature. 

In partition and adsorption chromatography, the mobile phase 
may be modified with another solvent, while in ion-exchange chr(), 
matography, both pH and ionic strength as weU as modification 
of the solvent can change capacity factors. The technique of 
continuously changing the solvent composition during the cbr(), 
matographic run is called gradient elution, or soJvent program­
ming, and is sometimes used to chromatogr.iph complex samples 
having components of greatly differing capacity factors. Detec­
tors that are sensitive to change in solvent composition, such as 
the differential refractometer, are more difficult to use with the 
gradient elution te<:hniquc. 

Procedur&-The procedures for com!X)und identification and 
the techniques of calibration and data reduction used in pres­
surized liquid chromatography are essentially the same as those 
for gas chromatography (sec Procedure under Gas Chromatog­
raphy). For accurate quantitative work, it is necessary that the 
detector have a large linear dynamic range and that the com­
ponents to be measured be resolved from any interfering sub­
stances. The linear dynamic range is defined as the sample size 
range from the .minimum detectable to maximum sample size 
over which the detector signal response, i.e., the peak responses 
on the recorder chart, is linearly proportional to the concentration 
of test substance. For maximum flexibility in quantitative work, 
this range should be about three orders of magnitude. 

Both peak height and 8fCll can be related to sample concen­
tration. The term "peak response," designated ru for sample 
response and rs for standard response, has been adopted for use 
in specifying measurements in chromatography. This encompas­
ses peak areas, peak heights, and other electronic mcasllrements. 
Peak hei$hts are easy to measure but are greatly influenced by 
changes in retention time caused by variations in temperature 
and solvent composition. For these reasons, peak areas are con­
sidered to be a more accurate parameter for quantitation. The 
detector response may he calibrated by re!al!??~ peak responses 
to a known concentration of reference standara using either an 
external or an internal standardization procedure. 

One drawback to the method of external calibration, i.e., direct 
comparison of the peak responses obtained on chromatographing 
the test specimen and a known concentration of the corresponding 
Reference Standard, is that the accuracy and precision arc de­
pendent upon the reproducibility of analyte iajection. Since the 
reproducibility of injection at high pressure may vary consider­
ably, the better quantitative results usually are obtained when 
the method for internal calibration is used. An internal standard 
at known concentration is added both to the test solution and to 
a solution ofthe·Reference Standard of known concentration, and 
the ratios of peak rcsponsca of drug and internal standard are 
compared. Because of nonnal variations in equipment, supplies, 
and techniques, a system suitability test{s~ System Suitability) 
may be useful to ensure that a given operating system may be 
generally applicable. 

Gas Chromatography 
In gas chromatography, the moving phase is a gas. The sta­

tionary phase is usually a liquid but may be a solid or a com­
bination of soJid and liquid. 

In gas-li9uid chromatography (GLC), thestatiooary liquid phase 
is immobilized as a thin film on a finely divided, inert solid sup• 
port, such as chromatographic siliceous earth, crushed firebrick, 
glass beads, or even the inner wall of a ,small-diameter tube. If 
the tube is filled with liquid~overed, finely divided solid, it is 
called a packed column. If the inner wall of a small-diameter 
tube is ooated with the liquid, it is called an open tubular or 
capillary column. If the inner wall uf the oper, tubular column 
i~ treated so as to deposit c porous or irre~ular support on it,. 
surface before coating with the liquid phase, 1t is calleil a support 
coated open tubular (SCOT) column. In gas-solid chromatOj!­
raphy (GSC), the identical situation holds except that the liquid 
phase is absent and the solid is an active aasorbant, such as 
alumina, silica gel, or carbon. In either case, the mobile phase 
continuously moves over the stationary phase. 

When a vaporized substance is introduced into the gas stream 
at the head of the column, it is swept into the column and under-
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goes distribution between tlie gas and liquid or solid phases. The 
distribution process reaches a dynamic equiJibration, that is ad­
equately described by an extension of the mathematical treatment 
of the stepwise process of countercurrent distribution. The be­
havior of a solute in such a partition process is conveniently de­
fined by a dimensionless partition ratio, k', called the capacity 
factor, which may be defined alternatively in terms of the relative 
amounts, or relative residence times, of the substance in the re­
spective phases. The gas phase simply serves to move the sub­
stance down the column between excursions into the stationary 
phase, and all substances spend the same time in zhe gas phase 
in any particular column .. The value of the capacity factor, and, 
therefore, the time in a gas-liquid chromatographic column, de­
ecnd upon the following considerations: (a) the specific solute; 
(b) the specific liquid phase; (c) the amount of liquid phase; (d) 
the temperature; and (e) the gas flow rate. Therefore, a partition 
ratio eXJsts for each column, soJute, and temperature, and in order 
to reproduce the behavior of a particular soJutc, every parameter 
must be carefully reproduced. · 

Apparatm-Tbe basic apparatus required for gas chromatog­
raphy is relatively simple. The carrier gas, usually available in 
compressed fonn in a cylinder fitted with a suitable pressur<>­
reducing va)ve, is conducted into a flow meter, which is used to 
reproduce the particular flow found to be satisfactory for the 
resolution of a particular mixture. Helium, nitroien, and other 
inert gases arc suitable carriers. The actual earner gas used is 
often determined by the characteristics. of the detector being 
used. Since solutes to be chromatographed must be in the vapor 
phase, the injection port is heated to a temperature high enough 
to ensure rapid vaporization but not hi~ enough to cause thermal 
del,\radation. Most test specimens are injected by syringe through 
a Silicone rubber septum in the injection port. Preferably thc test 
specimen is injected directly into the column packing. Alter­
natively, the test specimen vapor is mixed with the flowing carrier 
gas and then swept into the column. In pyrolysis gas chroma• 
tography, nonvolatile solids are decomposed by beating to several 
hundred degrees Celsius, and the volatile products produced are 
passed directly onto the column. It is in the oolumn that the 
different components of the vaporized test specimen are separated 
by virtue of their different interactions with the stationary column 
packing. The tubing that contains the packing usuaJJy is· made 
of glass or metal, and is located in a controlled-temperature oven 
maintained at a selected temperature, which determines the re­
tention time. and, to a degree, the resolution and efficien~ ob­
tained. Temperature-programmable components allow efficient 
elution of compounds over a wide range of vapor pressure. As 
the components emerge individually from the column, they pass 
through a differential-type detector, which indicates the amount 
of each component leaving the column. The detector temperature 
is contro1Jed to l'revent condensation. The choice of detector is 
specified in the individual monograph. 

Signals from the detector are passed to an amplifier or elec­
trometer, which is coupled to.an automatic recording device. The 
resulting record is a signal-time plot, the chromatogram, which 
is to be used to determine the idcntitics and concentrations of 
the components. The usual detectors emit a signal proportional 
to the concentration of the solute in the carrier as 1t leaves the 
column, so that the chromatogram for each drug appears as a 
bell-shaped peak on a time axis. The resulting curves accurately 
represent the distribution process as it has occurred during .the 
residence time of the solutes in column. Malfunctions in any of 
these components can degrade the accuracy and precision of mea­
surements. 

Detectors--Detectors eommo.nly used for gas chromatography 
include those that depend upon thermaJ conductivity, flame-ion­
ization, alkali flame-1onizat1on, electron~pture, and conductiv­
ity. For accurate quantitative work, the detector should have a 
Large Jinear dynamic range. Helium, because of its high thermal 
conductivity, is the carrier .IUIS of choice for use with a thermal 
conductivity detector. The thermal conductivity detector is ap­
plicable to aJ! organic compounds but has a lower sensitivity a!ld 
lower dynamic range than some other detecton;. Unless otherwise 
specified in the individuaJ monograph, the use of a flame-ioni• 
zation detector with either helium or nitro.gen carrier gas is as­
sumed. This detector is sensitive lo all carbon compounds and 
has a wide dynamic rdnge. Nitrogen, by virtue of its highcr 
viscosity, reduces zone spreading in the gas phase and may yield 
higher efficiencies than helium, but the lower viscosity of helium 
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leads to higher carrier gas flow rates at optimum efficiencies and, 
therefore, to shorter elution times and faster analyses. The alkali 
flame-ionization detector contains an al~li-metal salt or a glass 
element containing rubidium or other metal that results in .the 
suppression of the response to carbon, thereby increasing the 
relative response to nitrogen, sulfur, and phosphorus several fold. 
It is, therefore, a selective detector which sliows little response 
to hydrocarbons. The electron-capture detector is also selective, 
showing little response to hydrocarbons and extremely high re­
sponse to some compounds, such as those containing halogens or 
some keton~ .. Depending on the mode of ow.atio11, nitrogen or 
argon contalillng a small percentage of methane is used as the 
carrier gas for electron-capture detection. The electron-capture 
detector is the most sensitive detector available for those com­
pounds to which it responds. The conductivity detection system 
includes a heated reaction chamber in which compounds are re­
acted with a reagent gas such as oxygen or hydrogen that converts 
some compounds to electrically conductive species such as hy­
drochloric acid or ammonia while simultaneously removing car­
bon. The conductive species is then . trapped in an electrolyte, 
and the observed change in electrical conductivity is continuously 
monitored. The conductivity detector can be .made selectively 
responsive to halogens, sulfur, nitrogen, or phosphorus, and p~ 
vides very high sensitivity. 
. Combustion of chlorinated solvents, ,such as chloroform, in the 

flame-ionization detector produces hydrocWoric acid, which in 
time may damage detector components. Combustion of silicone 
derivativc;s produces a deposit of silica. within the detector. Fre­
quent inspection and maintenance of the detector is required to 
obtain optimum performancx;. 
. The specified carrier gas flow rate is the flow rate of the gas 

exiting the column and is usuaJly expressed in mL per minute at 
atmospheric pressure and room temperature. It is commonly 
measured, with the column at operating temperature: by the use 
of a soap-bubble flow-meter attached to the exit of the column. 
T!te .gas quickly cools an9 is essentially at r~ temperature 
within the flow-meter. It ts usually necessary to disconnect the 
ooiumu from the detector to make this measurement. For a given 
flow rate, the linear·flow rate through the column is related to 
the square of the column diameter. Thus a flow rate of® mL 
per minute for a 4-;mm column and a flow rate of 15 mL per 
minute for a 2-mm column produce comparable linear flow rates 
in the respective columns and thus give eomparable retention 
times. Unless otherwise specified in. the individual monograph, 
a 3~ to 60-mL flow rate is to be used. 

Columns-Pharmaceutical anal~ usually employ packed 
columns and, ideally, only the packing influences the relative 
movement of solutes through the system. Columns should be of 
glass unless otherwise specified. Columns of various dimensions 
are used, but normally they are 0.6 m to J.8 m in length and 2 
mm to 4 mm in internal diameter. Low-capacity columns, having 
about 5% (w/w) or less of liquid phase on the solid support, are 
preferred for analytical use. High-capacity columns, such aG tho.se 
having 20% (w/w) liquid loadings, may be used for. large test 
specimens and for the determination of low molecular weight 
compounds such as water. The desired capacity influences the 
choice of solid supports. · 

Support matenals are available io variOU8 mesh-size ranges, 
with 80- to 10(). and 100- to 120-mesh being_ the most commonly 
used with 2- to 4-mm diameter oolumns. The support material 
should be as inert as possible, particularly for polar drugs being 
chroniatographed on low-capacity, low-polarity liquid phase col­
umns. Reactive supports can result in decomposition, rearrange­
ment, or peak tailing of the solute. 'Acid-washed, flux-calcined 
diatomaceous earth is often; used for drug anaJysis. Reactivity 
of the support is reduced by treatmcnt with a silanizing reagent 
prior to coating with liquid phase. Supports receiving an addi­
tional, :i.lkalipe wash should be used with care, since residual 
alkali decomDOSCS some liquid ohases. Polvaromatic porous res­
ins are sometimes specified. They do not require coating with a 
liquid phase. 

Liquid phases are drawn from a wide range of chemical cla:sses, 
such as polyethylene glycols, high molecular weight esters and 
1unides, hydrocarbons, and silicone gums and fluids (polysiloxanes 
substituted normally by methyl, phenyl, nitrile, vmyl, or fluo­
roallcyi groups or mixtures of these). In all cases, batches must 
be carefully selected for use in gas chromatography. At operating 
temperatures, even these materials have sufficient vapor pressure 
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fig. l. Chromatographic Separation of Two Substances. 

to result in gradual loss of liquid phase by bleeding. Some phases 
are pharacterized by quite fow bleed rat~ at operating temper­
atures and, in such cases. columns may be rej\lvenated by ro­
packing the first 10 cm to 15 cm to remove injection residues. 
Silanized glass wool inserts may be used in the injection ports of 
some gas chromatographs to trap nonvolatile residues. These 
.soould be as small as practicable, to avoid analyte decomposition 
resulting from the highly active surface. · · 

Figure 1 represents a typical elution chromatographic sepa­
ration of two substances where t1 and t2 are the retention times 
of substances 1 and 2, hand h/2 are the height and half-height 
of peak l, W1r12 is the width-at-half-height for peak I, and W1 
and W2 are the bas~widths of peaks 1 and 2, respectively. The 
air peak is characteristic of gas chromatograms obtained with 
the thermal conductivity detector and may just precede or even 
coincide with the front of the solvent peak. A deflection corre­
sponding to the air peak is usually not seen with other gas chro­
matographic or liquid chromatographic detectors. The interval 
,, is the dead time or holdup time and corresponds to the retention 
hme of a nonretarded substance. 

Procedure-Since gas chromatography is primarily a separa­
tion method. it cannot be used to identify compounds without 
comparison to a Reference Standard. For quahtative analysis, 
the retention time for a peak in the chromatogram obtained for 
a test specimen is "the same as," or "corresponding to," that 
obtain¢ for a standard preparation under the conditions specified 
in the individual monograph. The differences in retention times 
from chromatogram to chromatogram are small, usually less than 
one-tenth of a minute, as compared with differences betwe<)n 
neighboring peaks in the same chromatogram. When a peak 
appears at the same time or volume under the same experimental 
conditions, the probability of correct identification is quite high. 
Alternatively, the individual components may be collected in a 
cold trap as they emerge froni the column for independent anal­
ysis by other instrumental or chemical methods, such as mass 
spectrometry or infrared absorption spectrometry. The retention 
time or volume for air is an important quantity, since it is used 
to obtain absolute and relative retention values for characteriza­
tion of compounds. Drugs ruay be identified by means of their 
relative retention, a, determined by the equation 

(1) 

in which t2 is the retention time measured from the point of 
injection of the desired drug and t I is the same for a reference 
standard material determined with tbe same cxilumn and tem­
perature, and ta is the retention time for an inert component, such 
a& air, which is not retarded in its passage throu$h the column. 

In this and the following expressions written m tt'.t'm,q of "'· 
tention times, the corresponding retention volumes or di.stances 
on the chromatogram, both of which are directly proportional to 
retention time, may be substituted in the equations. 

With the flamc-1onization detector, which responds to neither 
air nor water, the retention of a nonretarded compound such as 
methane, for which natusal gas is a convenient source, may be 
used to estimate t,,. Where t,, is small, a may be estimated from 
the retentions from the point of injection aJone (t2/t1) . 

The capacity factor is related to retention by the.equation 

(2) 

A measure of the efficiency of a particular column is provided 
by calculating the number of theoretical plates, n. in.the column 
with the equation 

(3) 

in which t is the retention time of the substance and W is the 
width of the base of the peak obtained by extrapolating the rel­
atively straight sides of the peak to the baseline. The value of n 
is dependent upon the substance being chromatographed as well 
as the operating conditions such as flow rate and temperature, 
the 9uality of the packing. and the uniformity of the packing 
within the column. 

Ail II measure of efficiency of the separation of two components 
in a mixture, the resolution, R, is determined by the equation 

R ~ 2(12 - t1) 
W2+W1 ' 

(4) 

in whlc.h 12 and t1 are the retention times of the two components 
and W2 and W1 are the corresponding widths of the bases of the 
peaks, obtained by extrapolating the relatively straight sides of 
the peaks to the baseline. 

Quantitative data can be obtained from the areas under the 
peaks, determined graphically or by means of an automatic elec­
tronic integrator or planimeter. Peak areas are Jess accurate for 
small peaks and those having short retention times. The product 
of peak width at half height and peak height may be substituted 
for peak: areas to minimize graphical error for symmetrical peaks. 
The chart soould be J'UJl faster than usual or a comparator should 
be used to meas111e the width-at-half-height, so as to minimize 
error in this measurement. For accurate quantitative work, the 
components to be measured should be separated from any inter­
fering components. Peak measurements on solvent tails are to 
be avoided. . 

Area percentages, % A1, of species within a chromatogram are 
used in purity analysis and. are equal to 100 times the ratio of 
the peak areas of the species, A1, to the sum, EAh. _of all of the 
area of the peaks in the chromatogram. LN<>TE-Where used in 
the individual mooograph, the expression percentage (a/a)" rep­
resents 100 times the ratio (A;/EA1).] Where the individual com­
ponents and response factors aie known, measure the area of each 
peak and convert this to mass of that component by multiplying 
the peak area by the response factor. Where the identity of other 
components i~ known, calibration curves may be based on area 
percentage alone. such as in water content tests for solvents, pro-
vided the detector type is specified. · 

Assays require quantitative comparison of one chromatogram 
with another, and Jack of control of the specimen size inj~d 
is a major source. of error. Additiuu of an internal standard to 
the test specimen minimizes this error. The ratio of peak response 
of the species of interest to the internal standard is compared 
from one chromatogram to another. Where the internal standard 
is chemically similar to the substance being determined, mioor 
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variations in column and detector parameters are controlled also. 
In some cases, the internal standard may be carried through the 
assay procedure prior to gas chromatography to control other 
quantitative aspects of the procedure. 

A quantity of solute may be adsorbed within the system, and 
this would be reflected in the failure of the calibration curve to 
pass through zero, terminating instead along the abscissa. This 
effect may contribute error, particularly for the measurement of 
small specimens and the use of a single reference point. At high 
test~pecimen concentrations, the solute may overload the liquid 
phase, leadin~ to relative loss of peak height or symmetry. Before 
any column IS accepted for assay purposes, a calibration curve 
should be comtructe<l to control these errors prior to the use of 
the single sample size used in most assays. 

Special-grade solvents are available for use especially where 
extensive evaporative concentration of test specimen is necessary 
prior to chromatography. Such chromatographic-grade reagents 
may be specified in the individual monograph. Since most drugs 
are polar molecules having reactive groups, successful chroma­
tography may require the conversion of the drug to a more volatile 
or less polar derivative by treatment of reactive groups with ap­
propriate reagents. 

Columns should be conditioned by being operated until stable 
al a temperature higher than that specified for use in the indi­
vidual monograph. ln the case of thennally stable methyl- and 
phenyl-substituted poly:sjloxanes, a special sequence increases in­
ertness and efficiency: maintain the column at a temperature of 
250° for 1 hoUJ' with helium flowing to remove oxygen and sol• 
vents, stop the flow of helium, heat at about 340° for 4 hours, 
then reduce the heating so as to attain a temperature of 250°, 
and condition with helium flowing until stable. A suitable test 
for support inertness, which is necessary with low-polarity liquid 
phases, is the appearance ef a single, symmetric peak for injected 
cholesterol with no evidence of decomposition. A column may 
occasionally be oonditioned by repeated injections of the com­
pound or mixture to be cbromatographed. 

I 
h 
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peak ma11imumj 
' 

Fig. 2. Asymmetrical Chromatographic Peak. 

System Suitability 
It is generally desirable to ascertain the suitability and effec­

tiveness of the operating system when employing chromato­
graphic methods such as pressurized liquid chromatography or 
gas chromatography. It should be noted that the specification 
of definitive parameters in a monograph does not preclude the 
use of other suitable operating conditions (see Procedures in the 
Gerreral Notices). AdJustment of operating oomlitions to obtain 
acceptable operation and chromatograms may be required. . 

To ascertain the effectiveness of the final operating system, it 
~hoold be subjected to a suitability test prior to use. The essence 
of such a test is the concept that the electronics, the equipment, 
tbe specimeilS, and the analytical operations constitute a single 
analytical system, which is amenable to an overall test of system 
function. Specific data are collected from replicate injections of 
the assay preparation or standard preparation. These are matched 
to specified maximum and minimum values, such as efficiency, 
internal precision, tailing factor ,resolution, retention time, nature 
of the calibration curve, response, and recovery, as specified in 
the individual monograph. . · 

A useful parameter is the reproducibility of replicate injections 
of the analytical solution. The reproducibility of replicate injec-
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tions is best expressed as the relative standard deviation. 
calculation is expressed by the equation 

S (%) 100 -'~~'---
[

~(Xi -X)2] ½ 

R = X N-1 ' 

The 

(1 ) 

in which SR is the relative standard deviation in percentage, X 
is the mean of the set of N measurements, and X1 is an individual 
measurement The term X1 refers to the measurement of the 
peak response ratio, Rs (where an internal standard is employed), 

X; =Rs = !s, ,, (2) 

in which rs is the peak response corresponding to the reference 
standard, and ri is the peak response corresponding to the internal 
standard, or to the peak response, rs, for an external standard 
method. 

Replicate injections of the Standard preparations are usually 
specified in the individual monograph, and the resulting mea­
surements are compared to as<:ertaio whether requirements for 
precision are met. Unless otherwise spe<;ified in the individual 
monograph, data from five replicate chromatograms are used for 
calculation if the stated limit for relative standard deviation is 
2.0% or less, and data from six replicate chromatograms are used 
for calculation if the stated relative standard deviation limit is 
more than 2.0%. 

It is useful also to specify a tailing factor to limit the maximum 
permissible asymmetry of the peak. For Pharmacopeial purposes, 
the tailing factor, T, 1s defined as the ratio of the distance from 
the leading edge to the trailing edge of the peak, Wo.os, divided 
by twice the distance,/, from the peak maximum to the leading 
edge of the ~k, the distances being measured at a point 5% of 
the peak hctght from the baseline. For a symmetrical peak, the 
tailing focu::r, T, fo unity, and the value of T :r:cr..ooe:; &~ tailing 
becomes more pronounced. · . 

Resolution, R. is specified to ensure separation of closely elut• 
ing components, to establish the general separatory efficiency of 
the system, or where an internal standard 1s used. 

GLOSSARY OF SYMBOLS. 
To promote uniformity ofinterpretation, the following symbols 

and definitions are employed where applicable in presentmg for­
mulas io the individual monographs. {Noni-Where the terms 
Wand t both appear in the same equation they must be expressed 
in the same units.] 

a 

CA 

Cs 

k' 

relative retention, 

a = !.l..=....!.a . 
t1 - ,,, 

concentrations of Reference Standard, internal 
standard., and analyte in a ·particular solution. 

concentralion ratio of analyte and internal 
standard in test solution or Assay 
preparation, 

~ 

concentration ratio of Reference Standard and 
internal standard in Standard solution, 

C 
Cs - :z 

·Ct 

capacity factor, 

k' ,.. amount of sub.stance in stationary phase 
amount of substance in mobile phase 

k' _ time spent by substance i~ statio~ phase _ 1. _ 1. 

time spent by substance tn mobile phase t,, 
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n 

Q,i 

ru 

R 

Ru 

T 

t,, 

number of theoretical plates in a 
chromatographic column, 

total quantities (weights) of Reference 
Standard, internal standard, and analyte in a 
particular solution. 

quantity ratjo of analyte and internal standard 
in ~l solution or Assay preparation, 

Q -~ ,i- . 
q, 

quantity ratio of Reference Standard and 
internal standard in Standard solution, 

Qs=9t: , 
q, 

peak response of the Reference Standard 
obtained from a chromatogram. 

peak response of the analyte obtained from a 
chromatogram, 

resolution between two chromatographic peaks, 

chromatographic retardation factor equal to the 
ratio of the distance from the origin to the 
center of a zone divided by the distance from 
the origin to the solvent front. . 

relative retention 

R, = distance.traveled by test substance 
distance traveled by standard · 

peak r~p~nse ratio for Standard pre~ration 
conta1rung Reference Standard and internal 
standard, 

peak response ratio for Assay preparation 
containing the analyte and internal standard, 

relative standard deviation in percentage, 

N ½ 

S (%) = l~O -i-~l __ _ 
[ 

i; (X, -- X)2] 
R X N-l ' 

where X, is an individual measurement in a set 
of N measurements and X is the arithmetic 
mean of the set. 

tailing factor, 

w. 
T = ;; . 

retention time measured from time of injection 
to time of elution of peak maximum. 

retention time of nonretarded component, air 
with thermal conducti'vity detection. 

width of peak measured by extrapolating the 
relatively straight sides to the baseline. 

width of peak at half height. 
width of peak at 5% height. 

Physical Tests / Chromatography (621) 1567 

CHROMATOGRAPHIC REAGENTS 
The following list of packings (L), phases (G), and supports 

(S) is intended to be a convenient reference for the chromatoi­
rapher. _These ma~erials are listed al~ under Reage111 Specifi­
cations m the section, Reagems, lnd1cators, and Solutions, as 
Packings for High-pressure Liquid Chromatography (L); Phases 
for Gas Chromatography (G); and Supports for Gas Chroma­
tography (S). [NOTE-Particle sizes given in this listing are 
those generall)' provided. Where other, usually finer, sizes are 
required, the individual monograph specifies the desired particle 
size.] 

Packings 

LJ--Octadecyl silane chemically bonded to porous silica or 
ceramic micro-particles, 5 to 10 µm in diameter. 

L2-0ctadecyl silane chemically bonded to silica gel of a con­
trolled surface porosity that has been bonded to a solid spherical 
core, 30 to 50 µm in diameter. 

L3-Porous silica particles, 5 to 10 µm in diameter. 
L4-Silica gel of controlled surface porosity bonded to a solid 

spherical core, 30 to 50 µm in diameter. · 
L~Alumina of controlled surface porosity bonded to a solid 

spherical core, 30 to 50 µm in diameter. 
L6-Strong cation-exchange packing-sulfonated fluorocarbon 

polymer coated on a solid spherical core, 30 to 50 µm in diameter. 
L7--0ctylsilanechemically bonded to totally porous silica par• 

ticles, 5 to IO µm in diameter. 
L8-An essentially monomolecular layer of aminopropylsilane 

chemically bonded to totally porous silica gel support, 10 µ.m in 
diameter. . 

L9--10-µm irregular, totaHy porous silica gel having a chem­
ically bonded, strongly acidic cation-exchange coating. 

LIO--Nitrile groups chemically bonded to porous silica par• 
ticles. 5 to 10 µm in diameter. 

LI I-Phenyl groups chemically bonded to porous silica par­
ticles, 5 to 10 iim in diameter. 

L12-A strong anion-exchange packing made by chemically 
bonding a quaternary amine to a solid silica spherical core, 30 
to 50 µm in diameter. 

LI 3-Trimethylsilane chemically bonded to porous silica par-
ticles, 5 to 10 µm in diameter. · 

LI4-Silica gel LO µmin diameter bav:ing a.chemically bonded, 
strongly basic quaternary ammonium anion-exchange coating . 
. Ll~Hexylsilane chemically bonded to totally porous silica 

particles, 3 to 10 µmin diameter. · 
Ll~Dimethylsilane chcmicalJy bondcd to porous silica par· 

ticles, S to 10 µmin diameter. . 
Ll7--Strong cation-exchange resin consisting of sulfonatcd 

cross-linked styrene-divinylbenzene copolymer in the hydrogen 
form, 7 to 11 µm in diameter. 

Ll8--Amino and cyano groups chemically bonded to porous 
silica particles, 5 to 10 1,1m in diameter. 

Ll9--Strong cation-exchange resin consisting of sulfonated 
cross-linked styrene-divinylbenzene copolymer in the calcium form, 
about 9 µm in diameter. · 

L20--Dihydroxypropaoe groups chemically bonded to porous 
silica particles, 5 µm to 10 µmin diameter. 

L21-A rigid. spherical styrene-divinylbenzene copolymer, 5 
to 10 µm in diameter. 

L22-A cation exchange resin made of porous polystyrene gel 
with sulfonic acid groups, about 10 µm in size. . 

L~An anion exchange resin made of porous polymethac­
rylate or polyaC17late gel witb quaternary ammoruum groups, 
about 10 ,IIJJl in SlZC. 

L24--A semi-rigid hydrophilic gel consisting of vinyl polymers 
with numerous lp'droxyl groups on the matrix surface, 32 to 63 
µm in diameter. 

Phases 

Gl-Dimethylpolysiloxane oil. 
G2- Dimetbylpolysilo:ii:ane gum. 
G3-50% Phenyl-SO% methylpolysiloxane. 
G4-Diethylene glycoi succinate polyester. 
05-3-Cyanopropylpolysiloxane. 
5 Available as Fractogel TSK-HW-40F and distributed by 

Merck and Co. 
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G6-Trifluoropropyhnethylpolysiloxa.ne. . 
G7-50% 3-Cyanopropyl-50% phenylmethylsilicone. 
08-90% 3-Cyanopropyl-J 0% phenylmethylsilicone. 
G9-Methylvinylpolysiloxane. 
GIO-Polyamide. 
GI l-Bis(2-ethylhexyl) sebacatc polyester. 
G 12-Phenyldietbaoolamine succJ.11ate polyester. 
GI 3--Sorbttol. 
Gt4-Polyethylene glycol (av. mol. wt. of 950 to 1050). 
Gl5--Polyetbylene glycol (av. mo!. wt. of 3000 to 3700). 
O16-Polyethylene glycol compound (av. mol. wt. about 

15,000). A high molecular weight compound of polyethylene 
glycol and a diepoxide. 

017-75% Phenyl-25% methylpolysiloxane. 
018-Polyalkylene glycol. 
019-25% Phenyl-25% cyanopropyl-50% methyl.silicone. 
O20-Polyethylene glycol (av. mo!. wt. of 380 to 420). · 
O21-Neopentyl glycol succinate. · 
O22-Bis(2-ethyl.nexyl) phthalate. · 
O23-Polyethylene glycol adipate. 
G24--Diisodecyl phthalate. 
G2S-Polyethylene glyool compound TPA. A hi$h molecular 

~eight .C?mpo~d of a poly<?thylene glycol and a diepoxide that 
1s cstenfied with terephthalic acid. . · · 

026-25% 2-Cyanoethyl-75% methylpolysiloxane. 
027-5% Phenyl-95% methylpolysiloxane. 
028-25% Phenyl-75% methylpolysiloxane. 
G 29--P-,6'-Thiodipropionitrile. 
G30-Tetraethylene glycol dimethyl ether. 
G31-Nonylphenoxypoly(ethyleneoxy)ethanol (av. ethylene-

oxy chain length is 30); Nonoxynol 30. 
G32-20% Phenylmethyl-80% dimethylpolysiloxane. 
G33-2q% Carboraiw-80% methylsiliconc. . 
G34--D1cthylenc glycol succinate polyester stabilized with 

phosphoric acid. 
G35-A high molecular weight compound of a polyethylene 

gl~col and a diepoxide that is esterified with nitro-tercphthalic 
acid. . · 

G36-1% Vinyl-5% phenylmethylpolysiloxane. 
037-Polyimide. 

Supports 
[NOTE--;Unless otherwise specified, m:csh sizes of 80 to 100 

or, alternatively, 100 to 120 are intended.] 
S~A--Sili~~ ea~ fo~ gas ~hromatography has been flux­

calcmed bJ ouxmg d1atom1tc WJtb Na2C03 flux and calcining 
above 900 . The siliceous earth is acid-washed, then water-washed 
0;ntil. neutral, bu! not _base-washed. The siliceous earth may be 
sdamzed by treating with an agent such as dimethyldichlorosilane6 

to mask surface silaool groups. 
SlAB-The siliceous earth as descnoed above is both acid-

and base-washed. 6 · · · · 
S 1 C-A support prepared from crushed firebrick and calcined 

or burned with .a cJay binder above 900° with subsequent acid­
wash. It may be silanized. 

SINS-The siliceous earth is untreated. 
S2--Styrene-<livinylbenzene copolymer having a nominal sur­

face area of Jess than 50 m2 per g and an average pore diameter 
of 0.3 to 0.4 µm. 

S3-Copolymer of ethylvinylbenzene and divinylbenzene hav~ 
ing a nominal surface area of 500 to 600 m2 per g and an average 
pore diameter of 0.0075 µm. , · 

S4-Styrene-divinylbenzene copolymer with aromatic -0 and 
-N groups, having a nominal surface area of 400 to 600 ml per 
g and an average pore diameter of 0.0076 I'm. · 

S5-40- to 60-mesh, high-molecular weight tetrafluorethylene 
polymer. 

S6-Styrene-divinylben.zene copolymer having a nominal sur­
face an:a of 250 to 350 m2 p:r g and an average pore diameter 
of 0.0091 µm. 

S7-Grapbitized carbon having a nominal surface area of 12 
m2 perg. . 

S8-Copolyroer of 4-vinyl-pyridine and styrene-divinylben­
une. 
. S9-A porous polymer based on 2,6-diphenyl•p-phenylene o.x- • 
1de. . . 

6 Unless otherwise specified io the individual monograph s.i-
lanized support is intended. ' 

S10-A highly polar cross-linked copolymer of acrylonitrite 
and divinylbenzene. · 

S11-Graphitized carbon having a nominal surface area of 9 
m2 per gram modified with small amounts of petrolatum and 
polyethylene glycol compound.7 

(631) COLOR AND 
ACHROMICITY 

Definition-For the purposes of this chapter, color may be 
defined as the perception or subje<:tive response b¥ an observer 
to the objective stimulus of radiant energy in the visible spectrum 
extending over the ranie 400 nm to 700 nm in wavelength. Per­
ceived co!or is a function ~f three variab~es: spectral properties 
of the ob;ect, both absorptive and reflective; spectral properties 
of the source of illumination; and visual characteristics of the 
observer. 

Two objects are said to have a color match for a particular 
source of illumination when an observer cannot detect a color 
difference. Where a pair of objects exhibit a color match for one 
source of illumination and not another, they constitute a meta­
meric pair. Color matches of two objects occur for all sources 
of illumination if the absorption and refl~tance spectra of the 
two objects are identical . 
. Achromicity or colorlessness is one extreme of any color scale 
for transmission of Hiht. It implies the complete absence of color. 
and therefore the V1Sible spectrum of the object lacks absorb­
ances. For practical purposes, the observer in this case perceives 
little if any absorption taking place in the visible spectrum. 

Color Attrlbut~Because the sensation of color has both a 
subjective and an obJective part, color cannot be described solely 
in spectrophotomctnc terms. The common attributes of color 
therefore cannot be given a one-to-one correspondence with spec-
tral terminology. · · 

Three attributes are commonly used to identify a color: (1) 
hue, or th.e quality by which IJII~ color family is .:listinguished 
from another, such as red. yellow, blue, green, and intermediate 
terms; (2) value, or the quality that distin~uishes a light color 
from a dark one; and (3) chroma, or the quality that distinguishes 
a strong color from a wealc one, or the extent to which a color 
differs from a gray of the same value. • . 

The three attributes of color may be used to define a thr~ 
dimensional color space in which any color is located by its co­
ordfoates. The color space chosen is a visually uniform one if the 
geometric distance between two colors in the color space is di­
rectly a measure of the color distance between them. Cylindrical 
coordinates are often conveniently chosen: 

Points along the long axis represent value from dark to light 
or black to wbite and have indeterminate hue and no chroma. 
Focusing on a cross-section perpendicular to the value axis, hue 
is determined by the angle about the Jong axis and chroma is 
determined by the distance from the long a,cis. Red, yellow, 
g,:een, blue, purple, and intennediate hues are given by different 
angles. Colors along a radius of a cross-section have the same 
hue, which become more intense farther out. For example col­
orless or achromic water has indeterminate hue, high value' and 
no chroma. lf a colored solute is added, the water takes 'on a 
particular hue. As more is added, the color becomes darker, more 
intense, or deeper; i.e., the chroma generally increases and value 
decreases. If, however, the solute is a neutral color, i.e., gray, 
the value decreases, no increase in chroma is observed, and the 
hue remains indeterminate. . · 

Laboratory spectroscopi,c measurements can be converted to 
measurements of the three color attributes. Spectroscopic results 
for three chosen lights or stimuli are weighted by three distri­
bution functions to yield the tristimulus values, X, Y, Z (sec 
Color-Instrumental Measu,ement {1061)). The distnbution 
tunctions wt:n: determined in color matching experiments with 
human subjects. 

The tristimulus values are not coordinates in a visually uniform 
color space; however, several transformations have been proposed 
I.hat are close to being uniform, one of which is given in the 
chapter cited (1061). The value is often a function of only the 
Y value. Obtaining uniformity in the chroma-hue subspace has 

7 Commercially available as SPl 500 on Carbopack C from 
Supelco. · 

..... 
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been less satisfactory. Io a practical sense, this m.cans in visual 
color comparison that if two objects differ significantly in hue, 
dccidin; which has a higher chroma becomes difficult. This points 
out the importance of matching standard to sample color as clo.sely 
as possible, especially for the attributes of hue and chroma. 

C.olor Determination and Standards-The perception of color 
and color matches is dC1'endent on conditions of viewing and 
illumination. Determinations should be made using diffuse, uni­
form illumination under conditions that reduce shadows and non­
spectral reflectance to a minimum. The surface of powders should 
be smoothed with gentle pressure so that a planar surface free 
from irregularities is presented. Liquids should be compared in 
matched color-comparison tubes, against a white background. If 
results are found to vary with illumination, those obtained in 
natural or artificial daylight are to be considered correct. Instead 
of visual determination, a suitable instrumental method may be 
used. . 

Colors of standards should be as close as possible to those of 
test specimens for quantif1,ing color differences: Standards for 
opaque materials are available as sets of color chips that are 
arranged in a visually uniform space.• Standards identified by 
a letter for matching the colors of fluids can be prepared ac­
cording to the accompanying table. To prepare the matching 
fluid required, pipet the prescribed .volumes of the colorimetric 
test solutions [see under Colorimetric Solutions (CS) in the sec­
tion, Reagenrs, Indicators, and Solutions) and water into one of 
the matching containers, and mix the solution in the container. 
Make the COlil,PMiSOn as directed in the individual monograph, 
under the viewmg conditions previously described. The matching 
fluids, or other combinations of the colorimetric solutions, may 
be used in very low concentrations to measure deviation from 
achromicity. 

Matching Fluids 
Parts of Parts of Parts of 

Cobaltous Ferric Cute 
Matching Chloride Chloride Sul ate Parts llf 

Fluid cs cs cs Water 
A 0.1 0.4 0.1 4.4 
B 0.3 0.9 0.3 8.5 
C 0.1 0.6 O.J 4.2 
D 0.3 0.6 0.4 3.1 
E 0.4 1.2 0.3 3.1 
F 0.3 J.2 0.0 3.5 
G 0.5 1.2 0.2 3.1 
H 0.2 1.5 0.0 3.3 
I 0.4 2.2 0.1 2.3 
J 0.4 3.5 0.l 1.0 
K 0.5 4.5 0.0 0.0 
L 0.8 3.8 0.1 0.3 
M 0.1 2.0 0.1 2.8 
N 0.0 4.9 0.1 0.0 
0 0.1 4.8 0.1 0.0 
p 0.2 0.4 0.1 4.3 
Q 0.2 0.3 0.1 4.4 
R 0.3 0.4 0.2 4.1 
.S 0.2 0.1 0.0 4.7 
T 0.5 0.5 0.4 3.6 

(641} COMPLETENESS OF 
SOLUTION 

Place the quantity of the substance specified in the individual 
monograph in a meticulously cleansed, glass-stoppered. 10-mL 
glass cylinder ap_Proximately 13 mm X 125 mm in size. Using 
the solvent that is specified in the monograph or on the label of 
the product, fill tb.e cylinder iilmn.<it tn the constriction at the 
neck. Shake gently to effect solution: the solution is not less 
clear than an equal volume of the same solvent contained in a 
similar vessel and examined similarly. · 

* Collections of color chips, arranged according to hue, value, 
and chroma in a visually uniform space and suitable for use in 
cxilor designation of specimens by VJsua! matching arc available 
from Munsell Color, Macbeth Division of Kollmorgen Corp., 2441 
N. C-alvcrt St., Baltimore, MD 21218. 

(651} CONGEALING 
TEMPERATlJRE 

The temperature at which a substance passes from the Jiguid 
to the solid state upon cooling is a useful index to (>utity if beat 
is liberated when the solidification takes place, pronded that any 
impurities present dissolve in the liquid only, and not in the solid. 
Pure substan~ have a well-defined freezing point, but mixtures 
generally freeze over a range of temperatrucs. For many mix­
tures, the congealing temperature, as determined by strict ad­
herence to the following empirical methods, is a useful index of 
purity. The method for determining congealing temperatures set 
forth here is applicable to substances that melt between - 20° 
and 150°, the range of the thermometer used in the bath. The 
congealing temperature is the maximum point (or lacking a max­
imum, the point of inflection) in the temperature-time curve. 

Apparatus-Assemble an apparatus similar to that illustrated, 
in which the container for the substance is a 25- X 100-mm test 
tube. This is provided with a Sllitable, sbort...-ange thermometer 
suspended io the center, and a wjre stirrer, about 30 cm long, 
bent at its 1-0wer end into a horizontal loop around the .thennom­
eter. 

Filling li1111r· 

. . 

· 5cm 

-.J ~~ 

15cm 

3.75cm 3.75cm 

3.75cm 

C.otigealing Temperature Apparatus 

The specimen container is supported, b!' means of '.l cork, io 
a suitable water-tight cylinder about 50 mm in internal diameter 
and JI cm in length. The cylinder, in turn, is supported in a 
suitabl~ bath sufficient to provide not less than a 37-mm layer 
surrounding the sides and bottom of the cylinder. The outside 
bath is provided wjtb a suitable thennomet;er. 
~Use a thermometer having a range not exceeding 

30°, graduated in ().1 ° divisions, and calibrated for, but not useo 
at, 76-mm immers~n. A suitable series of thermometers, cov­
ering a range from -20° to + 150°, is available as the ASTM 
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E-l series 89C through 96C (see Thermometers (21 > ). Melt the 
substance, if a solid, at a temperature not exceeding 20° above 
its expected congealing point, and pour it into the test tube to a 
height of 50 mm to 57 mm. Assemble the apparatus with the 
bulb of the test tube thermometer immersed halfway between 
the top and bottom of the specimen in the test tube. FiJI the 
bath to about 12 mm from the top of the tube with suitable fluid 
at a temperature 4° to 5° below the expected congealing point. 

In case the substance is a liquid at room temperature, carry 
out the determination using a bath temperature about 15° below 
the expected <:0ngeaHng point 

When the test specimen has cooled to about 5° above its ex­
pected congealing point, adjust the bath to a temperature 7° to 
8° below the expected congealing point. Stir the specimen con­
tinuously during the remainder of the test by moving the loop up 
and down between the top and bottom of the specimen, at a 
regular rate of 20 complete cycles per minute. 

Congelation frequently may be induced by rubbing the inner 
walls of the test tube with the thermometer, or by introducing a 
small fragment of the previously congealed substance. Pro­
nounced supercooling may cause deviation from the normal pat­
tern of temperature changes. If the latter occurs, l'C)?Cat the test, 
introducing small particles of the material under test in solid form 
at I O intervals as the temperature approaches the expected con­
gealing point. 

Record the reading of the test tube thermometer every 30 
seconds. . Continue stirring only so long as the temperature is 
gradually falling, stopping when the temperature becomes con­
stant or starts to rise slightly. Continue recording the temperature 
in the test tube every 30 seconds for at least 3 minutes after the 
temperature again begins to fall after remaining constant. 

The average of not less than four consecutive readings that lie 
within a range of 0.2° constitutes the congealing temperature. 
These readings lie about a point of inflection or a maximum, in 
the temperature-time curve, that occurs after the temperature 
becomes constant or starts to rise and before it again begins to 
fall. The average to the nearest O.l O is the congealing temper­
ature. 

(661} CONTAINERS 

Many Pharmacopeial articles are of such nature as to require 
the greatest attention to the containers in which they are stored 
or ·maintained even for short periods of time. While the needs 
vary widely and some of them are not fully met by the containers 
available, objective standards are essential. It is the purpose of 
this chapter to provide such standards as have been developed 
for the materials of which pharmaceutical containers principally 
are made, i.e., glass and plastic. 

A oontainer intended to provide protection from light or offered 
as a "light~resistant., container meets the requirements for Light 
'frarrsrnissfon, where such protection or resistance is by virtue of 
the specific properties of the material of which the container is 
composed, including any coating applied thereto. A clear and 
colorless or a translucent container that is made light-resistant 
by means of an opaque enclosure (sec General Notices) is exempt 
from the requirements for Light Transmission. 

Containers composed of glass meet the requirements for Chem­
ical Resistance~.;/ass Containers, and containers composed of 
plastic and intended for packaging products prepared for pa­
renteral use meet the requirements under Biological Tests­
Plastics and Physicochemfcal Tests-Plastics. 

Where dry oral dosage forms, not meant for constitution into 
solution, are intended to be packaged in a container defined in 
the secti?n Polyethylene Containers, the requirements given in 
that section arc to be met. · 

Guidelines and requirements under Single-unit Containers and 
Unit-dose Containers for Nonsterile Solid and Liquid Dosage 
F_orms a~ly to ?fficial dosa~e forms that are. repackaged into 
smgl~umt or umt-dose containers or mnemomc packs for dis­
pensing pursuant to prescription. 

USPXXll 

LIGHT TRANSMISSION 
Apparatus1-Use a spectrophotometer of suitable sensitivity 

and accuracy, adapted for measuring the amount of light trans­
mitted by either transparent or translucent glass or plastic ma­
terials used for pharmaceutical containers. For glass containers 
of nominal capacity up to 5 mL, use a suitable spectrophotometer 
having an aperture not larger than 2 mm X I cm. For containers 
made of translucent materials other than glass, use a suitable 
spectrophotometer equipped with an attachment that is capable 
of measuring and recordmg light transmitted in diffused as well 
as parallel rays. 

Preparatk>n of Specimen--
GLASS-Break the container or cut it with a circular saw fitted 

with a wet abrasive wheel, such as a carborundum or a bonded 
diamond wheel. Select sections to represent the average wall 
thickness in the case of blown glass containers, and trim them as 
necessary to give segments of a size convenient for mounting in 
the spectrophotometer. After cutting, wash and dry each spec­
irne.n, taking care to avoid scratching the surfaces. If the spec­
imen is too small to cover the opening in the specimen holder, 
mask the uncovered portion of the opening with otmque paper or 
masking tape, provided that the length of the specimen is greater 
than that of tlie slit in the spectrophotometer. Immediately be­
fore mounting in the specimen holder, wipe the specimen with 
lens tissue. Mount the specimen with the aid of a tacky wax, or 
by other convenient means, taking care to avoid leaving finger­
prints or other marks on the surfaces through which light must 
pass. 

PLASTIC-Cut circular sections from two or more areas of the 
container, and wash and dry them, taking care to avoid scratching 
the surfaces. Mount in the apparatus as described for Glass. 

Procedure-Place the section in the spectrophotometer with 
its cylindrical axis parallel to the plane of the slit and approxi­
mately centered with respect to the slit. When properly placed, 
the light beam is normal to the surface of the section and re­
J!ection !o~e& L~ at 2 minimum. 

Measure the tranmrlttance of the section with reterence to air 
in the spectral region of interest, continuously with a recording 
instrument or at intervals of about 20 run with a manual instru­
ment, in the region of 290 nm to 450 nm. 

Umi~ The observed light transmission docs not exceed the 
limits given in Table 1 for containers intended for parenteral use. 

The observe(i light transmission for containers of Type NP glass 
and for plastic containers for products intended for oral or topical 
administration does not exceed l0% at any wavelength in the 
range from 290 nm to 450 nm. 

Table 1. Limits for Glass Types I. II, and Ill and 
Plastic Classes I-VI. 

Nominal Size 
(in mL) 

1 
2 
5 

10 
20 
50 

Maximum Percentage of Light 
Transmission at Any Wavelength 

Between 290 nm and 450 nm 
Flame-sealed 
Containers 

50 
45 
40 
35 
30 
15 

Closure-scaled 
Containers 

25 
20 
15 
13 
12 
10 

Norn- Any container 1of a size intermediate to those listed 
above exhibits a transmission not greater than that of the next 
larger size container listed in the table. For containers larger 
than JO mL; the limits for 50 mL apply. 

1 For further detail regarding apparatus and procedures, ref­
erence may be made to the following publications of the American 
Society for Testing and Materials, 1916 Race St., Philadelphia, 
PA 19l03: "Standard Method of Test for Haze and Lununous 
Transmittance of Transparent Plastics," ASTM Designation D-
1003-61; "Tentative Method of Test for Luminous Reflectance, 
Transmittance, and Color of Materials," ASTM E 308-66. 
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CHEMICAL RESISTANCE-GLASS 
CONTAINERS 

The following tests arc designed to determine the resistance to 
water attack of new (not previously used) glass containers. The 
degree of attack is determined by the amount of alkali released 
from the glass under the influence of the attacking medium under 
the conditions specified. This quantity of alkali is extremely small 
in the case of the more resistant glasses, thW! calling for particular 
attention to all details of the tests and the use of apparatus of 
high quality and precision. The tests should be conducted in an 
area relatively free from fumes and excessive dust. 

GJass Types-Glass containers suitable for packaging Phar­
macopeial preparations may be classified as in Table 2 on the 
basis of the tests set forth in this section. Containers of Type I 
borosilicate glass are generally used for preparations that are 
intended for parenteral administr.ttion. Containers of Type I glass, 
or of Type II glass, i.e., soda-lime glass that is suitably de-al~ 
Jcalized, are usually used for packaging acidic and neutral par­
enteral preparatiol18. Type I glass containers, or Type II glass 
containers ( where stability data demonstrate their suitability), are 
used for alkaline parenteral preparations. Type Ill soda-lime 
glass containers usually are not used for parenteral preparations, 
except where suitable stability test data indicate that Type DI 
glass is satisfactory for the parenteral preparations that are pack­
aged therein. Containers of Type NP glass are intended for pack­
aging nonparenteral articles; i.e., those intended for oral or topical 
use. 

Table l. Glass Types aad Test Umits. 
Limits 

mLof 
General 

oT~t 
Size,b 0.o20N 

Type Descri~on• mL Acid 
! Highly Powdered All LO 

resistant, Glass 
borosilicate 
glass 

u Treated soda- Water 100 or le& 0.7 
lime glass Attack 

Over 100 0.2 
III Soda-lime Powdered All 8.5 

S:!ass Glass 
NP General- Powdered All 15.0 

purpose Glass 
soda-lime 

lass 
·. • The description applies to containers of this type of glass 
U8ua1Jy available. 

b Size indicates the overflow capacity of the container. 

Apparatu-
AlJTOCLA vu-For these tests, use an autoclave capable of 

maintaining a temperature of 121 ± 2.0°, equipped with a ther­
mometer, a pressure gauge, a vent cock, and a rack adequate to 
accommodate at least 12 test containers above the water level. 

MORTAR AND PESTLE-Use a hardened~teel mortar and pes­
tle, made according to the specifications in the accompanying 
illustration. 

OTHER EQUIPMENT- Also required are 20.3-cm (8-inch) sieves 
made of stainless steel including the No. 20, No. 40, and No. 50 
sieves along with the pan and cover (see Openings of Standard 
Sieves (811} ), 250-mL conical fiasks made of resistant glass aged 
as specified, n 900-g (2-lb) hammer, " permanent magnet," des­
iccator, and a_dequate volumetric apparatus. 

Rea,ents-
HJOH-PURITY WATER-The water used in these tests has a 

conductivity at ?.5°, as measured in an in-line cell ju!t prior to 
dispensing, of not greater than 0.15 µmho per cm. It meets the 
requirements of the test for Heavy metals under Purified Water, 
and is free from copper. The water may be prepared by passing 
distilled water through a deionizer cartridge packed with a mixed 
bed of nuclear-grade resin, then through a cellulme ester mem-
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Dimensions 
are In mm 

j-25.401 

j lf 
o.aR 

l,--5o.4o- ~ 

60.3 

76.2D ___.j 

_l 

Special Mortar and Pestle for Pulverizing Glass2 
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branc having opeoi~s not exceeding 0. 45 µm. 3 Do not use copper 
tubing. Flush the dtscharge lines before water is dispensed into 
test vessels. When the low conductivity specification can no longer 
be met, replace the deionizer cartridge. 

METHYL R.ED SOLUTION-Dissolve 24 mg of methyl red so­
dium in purified water to make 100 mL. If necessary, neutralize 
the solution with 0.02 N sodium hydroxide or acidify it with 0.02 
N sulfuric acid so that the titration of 100 mL of High-purity 
Water, containing 5 drops of indicator, does not require more 
than 0.020 mL of 0.020 N sodium hydroxide to effect the: color 
change of the indicator, which should occur at a pH of 5.6. 

Powdered Glass Test 
Rime thoroughly with Purified Water 6 or more containern 

selected at random, and dry them with a current of clean, dty 
air. Crush the containers ·into fragments about 25 mm in size, 
divide about 100 g of the coarsely crushed glass into three ap­
proximately equal portions, and place· one of the portions in the 
special mortar. With the eestle m place, crush the glass further 
by striking 3 or 4 blows with the hammer. Nest the sieves, and 
empty the mortar into the No. 20 sieve. Repeat the operation 
on each of the two remaining portions of gJass, emptying the 
mortar each time into the No. 20 sieve. Shake the sieves for a 
short time, then remove· the glass from the No. 20 and No. 40 
sieves, and again crush and sieve as before. Re~t again this 
crushing and sieving operation. Empty the receiving pan, rea&­
semble tbe nest of sieves, and shake on a mechanical sieve sbaker 
for 5 minutes or by hand for an equivalent length of time. Trans­
fer the portion retained on the No. 50 sieve, which should weigh 

2 A suitable mortar and pest.le is available (catalog No. H-
17280) from Humboldt Manufacturing Co., 7300 West Agatite, 
Norridge, Chicago, IL 60656. 

3 A suitable nuclear-grade resin mixture of the strong i,.c.iJ "11£­
ion e1.changer in the hydrogen for.111 Md thr. strong base anion 
exchanger in the hydroxide form, with a one-to-one cation to anion 
equivalence ratio, JS available from the Millipore Corp., Bedford, 
MA 01730; Barnstead Co., 225 Rivennoor St., Boston, MA 
02132; Illinois Water Treatment Co., 840 Cedar St., Rockford, 
IL 61105; and Va ponies, Inc., 200 Cordage Park, Plymouth, MA 
02360. 

A suitable in-line filter is available from the Millipore Corp.; 
Gelman Instrument Co., 600 S. Wagner Rd., Ann Arbor, MI 
48106; and Schleicher and Schuell, Inc., 540 Washington St., 
Keene, NH 10003. 

.... 
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in excess of 10 g, to a closed container, and store in a desiccator 
until used for the test. 

Spread the specimen on a piece of glazed paper, and pass a 
magnet through it to remove particles of iron that may be intro­
duced during the crushing. Transfer the SJ?c:<:imen to a 250-mL 
conical flask of resistant glass, and wash it with six 30-mL portions 
of acetone, swirling each time for about 30 seconds and carefully 
decanting the acetone. After washing, the specimen should be 
free from agglomerations of glass powder, and the surface of the 
grains should be practically f'" from adhering fine particles. 
Dry the flask and contents for 20 minutes at 140°, transfer the 
grains to a weiJhing bottle, and cool in a desiccator. Use the test 
specimen within 48 hours after drying. 

Proceclure-Transfer 10.00 g of the prepared specimen, ac-­
curately weighed, to a 250-mL conical flask that has been di· 
gested (aged) previously with High-purily Water in a bath at 
90° for at least 24 hours or at 121 ° for 1 hour. Add 50.0 mL 
of High-purity Water to this flask and to one similarly prepared 
to provide a blank. Cap all flasks with borosilicate glass beakers 
that previously have been treated as described for the flasks and 
that are of such size that the bottoms of the beakers fit snugly 
down on the top rims of the containers. Place the containers in 
the autoclave, and close it securely, leaving the vent cock open. 
Heat until steam issues vigorously from the vent cock, aod con­
tinue heating for l 0 minutes. Close the vent cock, and adjust 
the temperature to 121°, taking 19 to 23 minutes to reach the 
desired temperature. Hold the temperature at 121 ± 2.0° for 
30 minutes, oounting from the time this temperature is reached. 
Reduce the heat so that the autoclave cools and comes to at­
mospheric pressure in 38 to 46 minutes, being vented as necessary 
to prevent the formation of a vacuum. Cool the flask at once in 
running water, decant the water from the flask into a suitably 
cleansed vessel, and wash the residual powdered glass with four 
15-mL portions of Hifh-purity Water, adding the decanted wash­
ings to the main portion. Add 5 dr.ops of Methyl R.ed Solution, 
and titrate immediately with 0.020 N sulfuric acid. If the volume 
of titratint solution ;11 expeci:t".<l to be itlj!; tbau 1v mL; use a 
microburet. Record the volume of 0.020 N sulfuric acid used to 
neutralize the extract from 10 g of the prepared specimen of 
glass, corrected for .a blank. The. volume does not exceed that 
indicated in Table 2 for the type of glass concerned. 

Water Attack at 1.21° 
Rinse thoroughly 3 or more containers, selected at random, 

twice with High-purity Water. . 
Procedur~Fill each container to 90% of its ov.crflow capacity 

with Hig/rpurity ff'ater, .and proceed as d.ircctcd for Procedure 
under Powdered Glass Test, beginning wit~ "Cap all flasks,'' 
except that the time of autoclaving shall be 60 minutes instead 
of 30 minutes, aod ending with "to prevent the formation pf a 
vacuum." Empty the contents from 1 or ·more containers into a 
lO(}mL graduated cylinder, combining, in the case of smaller 
containers, the contents of several containers to obtain a volume of 100 mL. Place the pooled sf· c~imen in a 250-mL conical flask 
of resistant glass, add 5 drops o Methyl Red Solution, and titrate, 
while warm, with 0.020 N sulfuric acid. Complete the titration 
within 60 minutes after opening the autoclave. Record the vol­
ume of 0.020 N sulfuric acid used, corrected for a blank ob:tained 
by titrating 100 mL of High~purity Water at th.e same temper· 
ature and with the same amount of indicator. The volume does 
not exceed . that indicated in Table 2 for the type of g]ass con-
cerned. · 

Arsenic 
Arsenic {211)-Use as the Test Preparation 35 mL of the 

water from one Type I glass container or, in the case of smaller 
containers, 35 mL of the combined contents of several Type I 
glass containm, prepared as directed for Procedure under Water 
Altack at 121°: the limit is 0.1 ppm. 

BIOLOGICAL TESTS-PLASTICS 
AND OTHER POLYMERS 

Two stages of testing are indicated. The first stage is the per­
formance of In-vitro biological tests according to the procedures 
set forth in chapter {87), Biological Reactivity Tests, In-vitro. 
Materials that meet the requirements of the in-vitro tests are not 
required to undergo further testing. No plastic class designation 
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is assigned to these materials. Materials that do not meet the 
requirements of the in-vitro tests are subjected to the second stage 
of testing which is the performance of in-vivo tests, i.e., the Sys­
fe,nic Injection Test, lnlracutaneous Test, and Implantation Test 
according to the procedures set forth in chapter (88), Biological 
Reactiviry Tests, In-vivo. · 

PHYSICOCHEMICAL TESl'S-PLASTICS 
The following tests, designed to determine physical and chem• 

ical properties of plastics and their extracts, are based on the 
extraction of the plastic material, and it is essential that the 
designated amount of the plastic be used. Also, the specified 
surface area must be available for extraction at the designated 
temperature. 

Extracting Medium-Unless otherwise directed in a specific 
test below, use Purified Water. (see monograph) as the extracting 
medium, maintained at a temperature of 70° during the extrac­
tion of the prepared Sample. · · 

Apparatus--Use a water bath and the Extraction Co111ainers 
as d1:Scribed under Chapter (88.} Biological Reactivity Tests, In­
vivn. 

Preparation of Appara~Procecd as directed in the fint 
paragraph under Preparation of App_a_rafus in Chapter (88) Bi­
ological Reactivity Tests, In-vivo. LNOTE-Tbe containers and 
equipment need not be sterile.] 

.. ProcedlU'e---
Preparation of Sample-From a homogeneous {>lastic speci• 

men, use a portion, for each 20.0 mL of extracting medium, 
equivalent to 120 cm2 total surface area (both sides combined), 
and subdivide into strips approximately 3 mm in width and as 
oea.r to 5. cm in length as IS practical. Transfer ~e subdivided 
Sample to a glass-stoppered, 250-mL graduated cylinder of Type 
I glass, and add about 150 mL of Purified Water. Agitate for 
about 30 seconds, drain off and discard the liquid, and repeat 
with a second washing. 

TmNft":r the prepared Sample to a suitabie extraction fiasic, 
and add the required amount of Exiractlng Medium. Extract 
by heating in a water bath at the temperature specified for the 
Extracting Medium for 24 hours. Cool, but not below 20°. Pipet 
20 mL of the extract of the prepared Sample into a suitable 
container. Use this portion in the test for Buffering Capacity. 
lmmcdiately decant the remaining extract into a suitably cleansed 
container, and seal. 

Blank-Use Purified Water where a blank is specified in the 
following tests. . 

NONVOLATILE RESIDUE-Transfer, in suitable portions, 50.0 
mL of the extract of the prepared Sample to a srutable, tared 
crucible (preferably a fused silica crucible that has been acid­
cleaned), and evaporate the volatile matter on a steam bath. 
Similarly evaporate 50.0 mL of the Blank in a second crucible. 
(NOTE- If an oily residue is expected, inspect the crucible re­
peatedly during the evaporation and drying period, and reduce 
the amount of beat if the oil tends to creep along the walls of 
the crucible.] Dry at 105° for 1 hour: the difference between 
the amounts obtamed from the Sample and the Blank does not 
exceed l S mg. 

RESIDUE ON IGNITION {281 )-Proceed with the N<>nvolati/e 
Residue obtaim:d from the Sample and from the Blank, using, 
if n~ry. additional sulfuric acid but adding the same amount 
of sulfuric acid to each crucible: the difference between the 
amounts of residue on ignition obtained from the Sample and 
the Blank docs not exceed S mg. . 

HEAVY METALS-Pipei 20 ml of the extract of the prepared 
Sample, filtered if ric:cessary, into one of two matched 50-mL 
color-comparison tubes. Adjust with l N acetic acid or 6 N 
ammonium hydroxide to 1.i ptJ betwc:en 3.0 aull 4.0, using short­
range pH paper as external indicator, dilute with water to about 
35 mL, and mix. · · 

Into the scco.nd color-comparison tube pipet 2 mL of Standard 
Lead Solution (see Heavy Metals (231) ), and add 20 mL of the 
Blank. Adj~t with 1 N acetic acid or 6 N ammonium hydroxide 
to a pH between 3.0 and 4.0, using short-range pH paper as 
external indicator, dilute with water to about 35 mL, an<f mix. 

Add 10 i:nL of freshly prepared hydrogen sulfide TS to each 
tube, dilute with water to 50 mL, and mix: any brown color 
produced within 10 minutes in the tube containing the extract 
of the prepared Sample does not exceed that fo the tube con-
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taining the Standard Lead Solution, both tubes being viewed 
downward over a white surface (I ppm in extract). 

BUFFERING CAPACITY-Titrate the previously collected 20-
mL portion of the extract of the prepared Sample potentiomet­
rically to a pH of 7.0, using either 0.010 N hydrochloric acid or 
0.010 Nsodium hydroxide, as required. Treat a 20.0-mL portion 
of the Blank similarly: if the same litrant was required for both 
Sample and Blank, the difference between the two volumes is 
not greater than 10.0 mL; and if acid was required for either the 
Sample or the Blank and alkali for the other, the tota] of the 
two volumes required is not greater than lO.O mL. 

CONTAINERS FOR OPHTHALMICS-,­
PLASTICS 

Plastics for ophthalmics are composed of a mixture of homol· 
ogous compounds, having a range of molecular weights. Such 
plastics frequently contain other substances such as residues from 
the polymerization process, plasticizers. stabiliz.ers, antioxidants, 
pigments, and lubricants. Factors such as plastic composition, 
processing and cleaning procedures, contacting media, mks, ad­
hesives, absorption, adsorption and penneability of preservatives, 
and conditions of storage may also affect the suitabmty of a 
plastic for a specific use. Evaluation of such factors should be 
made by appropriate additional specific tests to determine the 
suitability of a plastic for use as a container for ophthalmics. 

Deflu.ldon-For the purposes of this chapter, a contaiMr is 
that which holds the drug and is or may be in direct contact with 
the drug. · · 

Biological Tests-Plastics and Other Polyme~ Two stages of 
testing are indicated. The first stage is the performance of In­
vitro biological tests according to the procedures set forth in 
chapter (87), Biological Reactivity Tuts, In-vitro. Materials 
that meet the requirements of these tests are tested accordiag to 
the procedures set forth for the Systemic Injection Test, Intra­
cutaneous Test, and Eye Irritation Test in chapter (88), Bi<r 
logical Reactivity Tests, fi-vivo. Materials that d;; wt meet the 
requirements of the iii-vitro tests cannot be used for ophthalmics. 

POLYETHYLENE CONTAINERS 
The standards and tests provided in this section characterize 

high-density and low-density polyethylene containers that are in­
terchangeably suitable for packaging dry oral dosage forms not 
meant for constitution into solution. · · · · ' 

Where stability studies have been perfonned to establish the 
expiration date of a particular dry oral dosage form not meant 
for constitution into solution in a container meeting the require­
ments set forth herein for either high- or low-density polyethylene 
containers, then any other polyethylene container meeting the 
same sections of these requirements may be similarly used to 
package such dosage form, provided that the appropriate stability 
programs are expanded ·to include the alternative container, in 
order to assure that the identity, strength., quality, and purity of 
the dosage form are. maintained throughout the expiration period. 

Both high- and low-density polyethylene are long-chain poly­
mers synthesized under controlled conditions of heat and pres­
sure, with the aid of catalysts from cot less than 85.0 percent 
ethylene and. not less than 95.0 percent total olefins. The other 
olefin ingredients most frequently used are butene, bcxene; and 
propylene. The ingredients used to manufacture the polyethyl­
ene, and those used in the fabrication of the containers, conform 
to the requirements in the applicable sections of the Code of 
Federal Regulatiom, Title 21. . . .. 

High-density polyethylene and low-density polyethylene both 
have an infrared absorption spectrum that is d1stincti~e for poly­
ethylene, and each possesses characteristic thermal properties. 
High-density polyethylene has a density between 0.941 and 0.965 
g per cm::. Low-0ensity polyethylene has a detl$ity between 0.850 
and Q.940 g per cmJ. The permeation properties of molded poly­
ethylene containers may be altered when re-ground polymer is 
incorporated, def ending upon the proportion of re-ground ma­
terial in the fina product. Other properties that may aff~ the 
suitability ofpolyethylene used in containers for packaging drugs 
are: ~xygen ~d moisture permeability, !13-oduius of elasticity, 
melt index, envuonmenta1 stress crack resistance, and deiree of 
crystallinity after molding. The requirements in this $CCtion are 
to be met when dry oral dosage forms, not meant for constitution 
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into solution, are intended to be packaged in a container defined 
by this section. · 

Multiple Internal Reffectanu-
APPARATUS-Use a double-beam infrared spectrophotometer 

eq__ui_pped with a multi_Ple internal reflectance accessory and a 
· KRS-5 internal reflecuon plate.' A KRS-5 crystal 2 mm thick 
having an angle of incidence of 45° provides a sufficient number 
of reflectiOM. 

PREPARATION OF SPECIMEN-Cut 2 flat sections represen­
tative of the average wall thickneM of the container, and trim 
them as necessary to obtain segments that are convenient for 
mounting in the multiple internal reflectance accessory. Taking 
care to avoid scratching the surfaces, wipe the specimens with 
dry paper or, if nee~, clean them with a soft cloth dampened 
with methanol, and permit them to dry. Securely mount the 
specimens on both sides of the KRS-5 internal reflection plate, 
ensuring adequate surface contact. Prior to mounting the spec­
imens on the plate, they may be compressed to thin uniform films 
by exposing them to temperatures of about 177° under high pres­
sures (15,000 psi or more). 

PROCEDURE-Place the mounted specimen sections within the 
multiple internal reflectance accessory, and place the assembly 
in the specimen beam of the infrared spectrophotometer. Adjust 
the specimen position and mirrors within the accessory to permit 
maximum light transmission of the unattenuated reference beam. 
Upon completing the adjustments in the accessory, attenuate the 
reference beam to permit full-scale deflection during the scanning 
of the specimen. Determine the infrared spectrum from 3500 to 
600 cm- 1: the spectrum of the specimen exhibits major ab­
sorption bands only at the same wavelengths as the spectrum of 
USP High-densitr. Polyethylene RS or USP Low-density Poly-
ethylene RS, similady determined. . 

ThNmal Amlysi&--Cut a section weighing about J 2 mg, and 
place it in the test-specimen pan. Determine the thermogram 
under nitrogen, using equipment capable of performing the de• 
ter.mi.natio:tlll de~crihed under Th11rmal Anal_vsi.r (891}. 

High-density Polyt!thylene-The therrnogram of the specimen 
is similar to the thermogram of USP High-density Polyethylene 
RS, similarly determined,. and the temperatures of the endo­
therms and exotherms in the thermogram of the specimen do not 
differ from those of the standard by more than 6.0°. 

Low-density Polyethylene-The thermogram of the specimen 
is similar to the thermogram of USP Low-density Polyethylene 
RS, similarly detennined, and the tell)peratures of the end<>­
therms and exotherms in the thermogram of the specimen do not 
differ from those of the standard by more than 8,0°. 

Light Trammissio.it-Polyethylene containers intended to pro­
vide protection from tight meet the requirements under Light 
Transmission. 

Water Vapor Penneatio.1t-Fit the containers with impervious 
seals obtained by heat-sealing the bottles with an aluminum foil­
polyethylene laminate or other suitable seal. 5 Test the containers 
as described under Containers-Permeation { 671 ) : the high­
density polyethylene containers so tested .meet the requirements 
if the moisture permeability exceeds LO mg per day per liter in 
not more than l of the 10 test containers and exceeds 25 mg per 
day per liter in none of them. The low-<lensity polyethylene con­
tainers so tested meet the requirements if the moisture perme­
ability exceeds 20 mg per day per liter in not more than 1 of the 
10 test QOntainers and exceeds 30 mg per day per liter in none 
of them. 

Hea,y Metals and Nonvolatile Residue-:-Prepare extracts of 
specimens for these tests a~ directed for Preparation of Sample 
in the Procedure under PhysicochemJcal Tests-Plastics, except 

4 The multiple internal reflectance accessory and KRS-5 plate 
are availabie from several sources, including Beckman Instru­
ments, Inc., 2500 Harbor Blvd., Fullerton, CA 92634, and from 
Perkin Elmer Corp., Main Ave., Norwalk. CT 06856. 

5 A suitable laminate for sealing has as the container contact 
layer polyethylene of cot less than 0.025 mm (0.001 inch) and a 
second layer of aluminum foil of not less than 0.018 mm (0.0007 
inch), with additional layers of suitable backing materials. A 
suitable seal can be obtained also by using glass plates and a 
sealing wax consisting of 60% of refined amorphous wax and 40% 
of refined crystalline paraffin wax. · 
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that for each 20.0 mL of Extracting Medium the portion shall 
be 60 cm2, regardless of thickness. 

liEA VY MET /\LS-COntainers meet the requirements for Heavy 
Metals under Physicochemical Tests-Plastics. 

NONVOLATILE RESIDUE-Proceed as directed for Nonvolatile 
Residue under Plzysicochemlcal Tests-Plastics, except that the 
blank shall be the same solvent used in each of the tests set forth 
below. The difference between the amounts obtained from the 
specimen and the blank docs not exceed 12.0 mg when water 
inai(!tained at a temperature of 70° is used as the extracting 
medium; does not exceed 75.0 mg when alcohol maintained at a 
temperature of 70° is used ~ the extracting medium; and does 
not exceed 100.0 mg for high-density polyethylene and does not 
ex:c_eed. 350.0 mg for low-density ~lyethylene when hexanes 
ma1ntamed at a temperature of 50 are used as the extracting 
medium. Containers meet these requirements for Notfl'olatile 
Residue for alJ of the above extracting media. (Norn....:....Hexanes 
and alcohol arc flammable. When evaporatin$ these solvents, use 
a stream of air with the water bath; when drymg the residue, use 
an explosion-proof oven.] 

SINGLE-UNIT CONTAINERS AND UNIT­
DOSE CONTAINERS FOR NON-STERILE 

SOLID AND LIQUID DOSAGE FORMS 
An official dosage form is required to bear on its label an 

expiration date assigned for the particular formulation and pack­
age of the article: This date limits the time during which the 
product may be dispensed or used Because the e:xpiration date 
stated on the manufacturer's or distributor's package has been 
determined for the drug in that particular package and may not 
be applicable to the product where it has been repackaged in a 
diffen:nt_ container, repackaged _drugs dispensed pursuant to a 
prescnptton are exempt from this label requirement. It is nec­
eSSRry, therefore, that other precautions be taken by the ui~pc,J,lljt:r 
to preserve the strength, quality, and purity of drugs that are 
repackaged ~or ul~a!e distributio!J or sale to patients. 

The following guidclmcs and reqwrements arc applicable where 
official dosage forms arc repackaged into single-unit or unit-dose 
COf!ta\ners or mnemonic packs for dispensing pursuant to pre-
scnption. . 

Lal>eling-It is the responsibility of the dispenser, talcing into 
account the nature of the drug repackaged, the characteristics 
of the containers, and the storage conditions to which the article 
may be subjected, to detennine a. suita_ble beyond-use dale to be 
placed on the label Such date is not later than the expiration 
date of the original package. In the absence of stability data to 
the_ ':ontr~ry, such date should not exc~ (1) 25% of the re­
mai..nmg ame between the date of repackaging and the expiration 
date on the original manufacturer's bulk container, or (2) a six­
month period from the date the drug is repackaged, whichever 
is earlier. Each single-unit or unit-dose container bears a separate 
label, unless the device holding the unit-dose form does not allow 
for the removal or separation of the intact single-unit or unit-dose 
container therefrom. · 

S_torage-.Store the repackaged article in a humidity-(:Ontrolled 
environment and at the .temperature specified in the individual 
moJJ?t!_rap~ or in_the ~roduct labeling. Wh".fe no temperature or 
humidity 1s specified m the monograph or in the labeling of the 
product; controlled room temperature and a relative humidity 
corresponding to 75% at 23° are not to be exceeded during re­
packaging or storage. 

A refrigerator or freezer shall not be considered to be a hu­
midity-controlled environment, and drugs that are to be stored 
At_ ll _r.ol.d temperatu~ in a refrigerator M frtt.7.er ~h,ill he-: p!Ar.t.d 
Wlthin an outer container that meets the monograph requirement! 
for the drug contained therein. 

CUS'TOMIZED PATIENT 
MEDICATION PACKAGES 

In lieu of dispensing two or more prescribed drug products in 
separate containers, a pharmacist may, with the consent of the 
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patient., the patient's caregiver, or a prescriber, .provide a cus• 
tomized patient medication package (patient med pak).6 

A patient med pak is a package prepared by a pharmacist for 
a specific patient ~mpris~g a series of containers and ~ntaining 
two or more prescnbed sohd oral dosage fortns. The pat1ent med 
pak is so desisned or each container is so labeled as to indicate 
the day and time, or period of time, that the contents within each 
container are to be taken. 

LabeHA) The J)8ti~nt med pak shall bear a label stating: 
(I) the name of the patient; . 
(2) a serial number for the patient med pak itself and a 

separate identifying serial number for each of th.e prescription 
orders for each of the drug products contained therein; 

(3) the name, strength, physical description or identifica­
tion, and total quantity of each drug product contained therein; 

(~) !he cfuection~ f(?r use and cautionary statements, if any, 
contamed m tbe prescnption order for each drug product therein; 

(5) any storage instructions or cautionary statements re­
quired by the officia1 compendia; 

( 6) the name of the prescriber of each drug product; 
(7) the date of preparation of the patient med pak and the 

beyond-use date assigned to the patient med pak (such beyond­
use ~ate shall be not later than 60 days from the date of prep­
aration); 

(8) • the name, address, and telephone number of the dis­
penser and the dispenser's registration number where necessary; 
and 

(9) any other information, statements, or warnings required 
for any of the drug products contained therein. 

(B) If the patient med pak allows for the removal or sepa• 
rauon of the intact containers therefrom, each individual con­
tainer shall be_ar a label identifying each of the drug products 
contained therein. 

Labeling--The paiient med pak shall be accompanied by a 
patient package insert; in the event that any medication therein 
1s required to be dispensed with such insert as accompanying 
labeling. Alternatively, such required information may be in• 
corporated into a sing]e, overall educational insert provided by 
the pharmacist for the total patient med pak. 

faclulJPDi-ln the absence of more stringent packaging re­
quirements for any of the drug products contained therein, each 
container of the patient med pak shall comply with the moisture 
permeation reqwrements for a Class B single-unit or unit-dose 
container (see Containers-Permeation (671}). Each container 
shall be either not reclosable or so designed as to show evidence 
of having been opened. · · 

~uidelin~It is the responsibilitt of the dispenser, when prc­
panng a patient med pak, to take 10to account any applicable 
compendia! requirements or guidelines and the physical and 
chemical compatibility of the dosage forms placed within each 
container, as well as any therapeutic incompatibilities that may 
attend the simultaneous adiilinistra-tion of the medications. In 
this regard, pharmacists are encouraged to reeort to USP head­
quarters any observed or reported incompatibilities. 

Record keeping-In addition to any individual prescription fil. 
ing requirements, a record of each patient med {'llk shall be made 
and filed. Each record shall contain, a.~!\ minunum: 

(1) the name and address of the patient; 
(2) the serial number of the prescription order for ea.ch drug 

product contained therein; 
(3) the name of the manufacturer or labeler and lot number 

for each drug product contained therein; 
(4) information identifying or describing the design, char­

acteristics, or specifications of the ~tient med pale sufficient to 
allow s~bsequertt pr~paration of an identical patient med pak for 
the patient; . 

(5) the date of preparation of the oatient med J>ak and the 
beyond-use date that was assigned; · • 

( 6) any specta.l tabeli.ng instructions; and 
(7) the name or initials of the pharmacist who prepared the 

patient med pale. 
6_1t should be noted that there is no special exemption for 

paJJent med paks from the requirements of the Poison Prevention 
Packaging Ac.t. Thus the patient med e3tc, if it does not meet 
child-resistant standards, shall be placed in an outer package that 
docs comply, or the necessary consent of the purchaser or pby• 
sician, to dispense in a container not intended to be child-resistant, 
shall be obtained. 
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(671) CONTAINERS­
PERMEATION 

This test is provided to de~miine the moisture penneabiuiy 
of a container utilized for a drug when dispensed on prescription 
where packaging and storage in a tight container or a we/I-closed 
container is specified in the individual monograph. It is appli­
cable to multiple-unit containers .(see Preservation, Packaging, 
Storage, and Labeling under General Notices). As used herein, 
I.be term "container" refers to the entire system comprising, usu­
ally, the container itself, the liner (if used), and the closure. Where 
the manufacturer's oontainer, previously unopened, is utilized for 
dispensing I.be drug, such container is exempt from the require­
ments of this test. 

Desiccant-Place a quantity of 4-mesh, anhydrous calcium 
chloride1 in a shallow container, talcing care to exclude any fine 
powder, then dry at ll0° for l hour, and cool in a desiccator. 

Procedure-Select 12 containers of a uniform size and type, 
clean the ~ surfaces with a lint-free cloth, and close and 
open each container 30 times. Apply the closure firmly .and uni­
formlr each time the container is closed. Close screw-capped. 
containers with a torque that is within the range of tightness 
specified in the accompanying table. Add Desiccant to 10 of the 
containers, designated test containers, filling each to within 13 
mm of the closure if the container volume is 20 mL or more, or 
filling each to two-thirds of capacity if the container volume is 
less than 20 mL. If the interior of the container is more than 63 
mm in depth, an inert filler or spacer may be placed in the bottom 
to minimi1.e the total weight of the container and Desiccant; the 
layer of DesiccQllt in such a container shall be not less than 5 
cm in depth. Close each immediately after adding Desiccant, 
applying the torque designated in the accompanying table when 
closing screw-capped containers. To each of the remaioini 2 
containers, designated ~mrols. add a sufficient number of glltl!! 
beads to attain a weight approximately equal to that of each of 
the lest contaiJU!rs, and close, applying the torque designated in 
the accompanying table when closing screw-capped containers. 
Record the we~ht of the individual containers so prepared to the 
nearest 0.1 mg if the container v9lume is less than 20 m.L; to the 
nearest mg if tbe container volume is 20 mL or more but less 
than 200 mL; or to the ]'.learest centigram (IO mg) if the container 
volume is 200 mL or more; and store at 7 5 ± 3% relative humidity 
and a temperature of 20 :t: 2°. [NOTE- A saturated system of 
35 g of sodium chloride with each 100 mL of water placed in 
the bottom of a desiccator maintains the specified humidity. Other 
methods may be employed to maintain these c.onditions.] After 
336 ± l hours (14 days), record the weight of the individual 
containers in the same manner. Completely fill 5 empty con­
tainers of the same size and type as fhe containers under test 
with water or a non-compressible, free-flowing solid such as well­
tamped fine glass beads. to the level indicated by the closure 
surface wheJ1 in place. Transfer the contents of each to a grad­
uated cylinder, and determine the average container volume, in 
mL. Calculate the rate of moisture permeability, in mg per day 
per liter, by lhe formula: · 

(I000/14Jl)[(Tr - T,) - (Cf - Ci)J, 

in which Vis the volume, in mL, of the container, (T1 - T1) is 
the difference, in mg, between the final and initial weights of 
each test container, and ( C.1 - C;) is the average of the differ­
ences, in mg, between the final and initial weights of the 2 con­
trols. The containers so tested are tight containers if not more 
than one of the 10 test containers exceeds 100 mg per day per 
liter in rooist,1n~ permeability, .md none exceeds 200 111g per day 
per liter. 
· The containers are we/1-cl<>Sed containeu if not more than one 
of the IO test contoin.ers exceeds 2000 mg per day per liter in 
moisture permeability, and none exceeds 3000 mg per day per 
liter. · 

1 Suitable + mes.h, anhydrous calcium chloride is available 
commercially as Jtem SCI 1204-5006M from Sargent-Welch Sci-
entific Co., P. 0 . Box 1026, Slcokie, IL 60077. · 

SINGLE-UNIT CONTAINERS AND UNIT­
DOSE CONTAINERS FOR CAPSULES AND 

TABLETS 
To permit an informed judgment regarding the suitability of 

the packaging for a particular type of product. the following 
procedure and classification scheme are provided for evaluating 
the moisture-permeation characteristics of single-unit and unit• 
dose containers. Inasmuch as equipment and operator perfor· 
mancc may affect the moisture permeation of a container fonned 
or closed, the moisture-permeation characteristics of the pack­
aging system being utilized shaJl be determined. 

Desiccant- Dry suitable desiccant pellets2 at 110° for I hour 
prior to use. Uso pellets weighing approximately 400 mg each 
and having a diameter of approximately 8 mm. · 

Procedure- · . . 
Metlwd I-Seal not less than 10 unit-dose containers with I 

pellet in each, and.seal. IO additional, empty unit-dose containers 
to provide the controls, using finger cots or padded forceps to 
handle the.sealed containers. Number the containers, and record 
the individuaJ weigbts3 to the nearest mg. Weigh the controls as 
a unit, and divide the total weight by the number of controls to 
obtain the average. Store all of the container.sat 75 ± 3% relative 
humidity and at a temperature of 20 ± 2°. [NOTE-A saturated 
system of 35 g of sodium chloride with each 100 mL of water 
placed in the .bottom of a desiccator maintains the specified hu­
midity. Other methods may be employed to maintain these con­
ditions.] After a 24-hoilr interval, or a multiple thereof (sec Re­
sults), remove the containers from the chamber, and allow them 
to equilibrate for 15 to 60 minutes in the weighing area. Again 
record the weight of the individual containers and the combined 
controls in the same manner. [Nore-If any indicating pellets 
tum pink during this procedure, or if the pellet weight increase 
exc«ds 10%, terminate the test, and regard only earlier deter­
minatipns as valid.) Return the containers to the humidity cham­
ber. Calculate the rate of moisture permeation, in mg per day, 
of e:i.ch container hy the formula: · 

(l/N)[(W1 - W1) - (Cr - C,)], 

in which N is the number of days expired in the test period, (Wj 
- W,) is the difference, in mg, between the final and initial 
weights of each test container, and (C{ - C1) is the average of 
the difference, in mg, between the fina and initial weights of the 
oontrols, the data being calculated to two significant figures. 
(Non-Where the permeations measured are less than .5 mg 
per day, and where the controls are observed to reach a steady 
state in 7 days, the individual permeations may be determined 
more accurately after an initial 7 days of equilibration by using 
that weight as Wt, zero time, in the calculation.) 

Method //-Use this procedure for packs (e.g., punch-out cards) 
that incorporate a number of separately sealed unit-do.sc con­
tainers or blisters. Seal a sufficient number of packs, such that 
not less than 4 packs and a total of not less than 10 unit-dooe 
containers or blisters filled with l pellet in each unit are tested. 
Seal a corresponding number of empty packs, each pack con­
taining the same number of unit-dose containers or blisters as 
used in the test packs, to provide the controls. Store all of the 
containers at 75 ± 3% relative humidity and at a temperature 
of 20 ± 2°. [See Note under Method/.] After 24 hours, and 
at multiples thereof (see Refu/Js), remove the packs from the 
chamber, and allow them to equilibrate for approximately 45 
minutes. Record the weights of the individual packs, and return 
them to the chamber. Weigh lhe control packs as a unit, and 
divide the total weight by the number of control packs to obtain 
the average empty pack Weight. [NOTE- If any indicating pet-

,. Suitable moisture-indicating desiccant pellets. arc available 
commercially from sources such as Medical Packaging, inc., 525 
White Horse Pike, Atco, NJ 08004 [Telephone 800.257-5282; 
in N. J. , 609-767-3604], as Indicating Desiccant Pellets, item No. 
TK-1002. 

• 3 Accurate comparisons of Class A containers may require test 
periods in excess of 28 days if weighings are performed on a 
Class A prescription balance (see Prescription Balances and Vol­
umetric Apparatus {1176}). The use of an analytical balance 
on which weights can be recorded to 4 or 5 decimal places may 
permit more precise characterization between containers and/or 
sborter test periods. · 
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lets turn pink during the procedure, or if the average pellet weight 
increase in any pack exceeds 10%, terminate the test, and regard 
only earlier determinations as valid.] Calculate the average rate 
of moisture permeation, in mg per day, for each unit-dose con­
tainer or blister in each pa.ck by the formula: 

(1 /NX)[(W,- Wi) - (C1 - C,)J, 

in which N is the number of days expired in the test period 
(beginning after. the initial 24 hour equilibration period), Xis the 
number of separately sealed units per pack, (W1 - W;) is the 
difference, in mg, between the final and initial weights of each 
test pack, and ( Cr - C,) is the average of the difference, in mg, 
between the final and initial wci~ts of the control packs, the 
rates being calculated to two sig:ruficant figurca. 

Results-The individual unit-dose containers as tested in 
Method l arc designated Class A if not more than l of 10 con­
tainers tested exceeds 0.5 mg per day in moisture permeation 
rate and none exceeds 1 mg per day; they arc designated Class 
B if not more than 1 of 10 containers tested exceeds 5 mg per 
da.r. and none exceeds 10 mg per day; they are designated Class 
C 1f not more than I of 10 containers tested exceeds 20 mg per 
day and none exceeds 40 mg per day; and they are designated 
Clas~ D if the co~tainers tested meet none of the moisture per• 
meation rate requirements. 

The packs as tested in Method II are designated C/031 A if 
no pack tested exceeds O.S m.g per day in average blister mo'isture 
permeation rate; they are designated Closs B if no pack tested 
exceeds 5 mg per day in average blister moisture permeation 
rate; they are wignated Class C if no pack tested e~ceeds 20 
mg per day in average blister moisture penneatl,on rate; and they 
are designated Class D if the pacb tested meet none of the above 
average blister moisture permeation rate requirements. 

With the use of the Desiccant described herein, suitable test 
intervals for the final weiihinas, ~ are: 24 hours for Class D; 
48 hours for Class C; 1 days -for Cla.,s B; and not less than 28 
ds.ya for Class A. 

Torque Applicable to Screw-Type Container 

Closure Diameter1 (mm) 
15 
18 
20 
22 
24 
28 
33 
38 
43 
48 
53 
58 
63 
70 
83 
86 
89 

100 
110 
120 
132 

Suggested Tlihtness Range 
with Manually Applied Torquel 

(inch-pounds) 
6 to 9 
7 to 11 
8 to 12 
9 to 13 

10 to 15 
11 to 17 
13 to 20 
15 to 23 
17 to 26 
19 to 29 
21 to 32 
23 to 35 
25 to 38 
28 to 42 
34 to 49 
35 to SI 
36 to 53 
40 to 60 
45 to 65 
48 to 72 
53 to 79 

1 The torque designated for the next larger closure diameter 
is to be applied in testing containem having a closure diameter 
intermediate to the diameters listed. · 

2 A suitable apparatus is available from Owens-Illinois, Toledo, 
Ohio 43666. (Model 25 torque tester is used for testing between 
0 and 25; Model 50 for testing between O and 50; and Model 
100 for testing between 0 and 100 inch-pounds of torque.) The 
torque values refer to application, not removal, of the clo1mro. 
For further detail regarding instructions, reference may be made 
to "Standard Method of Measuring Application and Removal 
Torque of Threaded Closures," ASTM Designation D 3198-73, 
published by the American Society for Testing and Materiala 
1916 Race St., Philadelphia, PA 19103. ' 

USPXX/1 

(691) COTTON 
Preparatory to the dete.nnination of absorbency and of fiber 

length, remove the Cotton from its wrappinp, aod condition it 
for not less than 4 hours in a standard atmosphere of 65 ± 2% 
relative humidity at 21 ± 1.1 ° (70 ± 2°F). 

Absorbency Test 
Proced.-e-Prcpare a test basket, weighing not more than 3 

g, from copper wire appro:wnately 0.4 mm in diameter (No. 26 
B: & S.) in the form of a cylinder approximately 5 cm in diameter 
and 8 cm deep, with spaces of about 2 cm between the wires. 
Take portions of purified cotton weighing l ± 0.05 g from five 
different parts of the package by pulling, not cutting, the seeo­
imens, place the combined portions in the basket; and weigh. 
Hold the basket on its side approximately 12 mm above the 
surface of water at 25 ± t O , and drop it into the water. Deter­
mine, preferably by use of a stop watch, the time in seconds 
required for complete submersion. 

Remove the basket from the water, allow it to drain for 10 
seconds in the same hori7.ontaJ position, then place it immediately 
io a tared, covered vessel and weigh, deducting the weight of the 
test buket aod of the purified cotton to find the weight of water 
absorbed. 

Fiber Length 
For the determination of the length and of the length distri­

bution of cotton fibers in purified cotton use the following method: 
Carry out all operations iwociated with the determination of 

fiber length of purified cotton in an atm0$phere maintained at 
65 ± 2% relative humidity at 21 ± I. l O (70 ± 2°F). 

These directions describe the mode of procedure that is well 
adapted to the sorter• most extensively used in the United States 
at the present time. 

Apparatm-The aorter {see illustrabon) consists of two banks 
of combs rigidly mounted &ide by side on a common base. Each 
bank of combs consists of at least 1:2 individual combs spaced 
3.2 mm apart, one behind the other, and mounted in grooves so 
that as they are approached during the fractionating process and 
no longer needed, they may be dropped below the working plane. 
Each individual comb has a single row of accurately aligned and 
sharply pointed teeth. 12 mm long, consisting of needles 0.38 mm 
in diameter. The teeth are spaced ·62 to 25 mm over an extent 
of approximately 50 .mm. 

Duplex Cotton Fiber Sorter 

Accessory equipm~nt consists of fiber-sorter forceps, fiber-de-­
pressing gnd. fiber-depressing smooth. plate, and velvet-covered 
plate&. The sorter forceps consist of two brass pieces approxi­
mately 75 mm long, hinged on one end and slightly curved to 
present a beaked aspect at . the gnpp111g end for gripping the 
protruding fibers close to the surfaces of the combs. Usually, 
one of t,ie gripping edges has a leather or other fibrous padding. 
The gripping edge is approximately I 9 mm wide. 

The fi6er-depre&sing grid consists of a series of Imm rods spaced 
3.2 mm apart so that they may be placed between the combs ~ 

*NOTE-The method here described is especially adapted to 
the Suter-Webb Duplex Cotton Fiber sorting apparatus. but with 
more or less obvious alteration in procedure, may be carried out 
with two Baer sorters in tandem arrangement, ot with a Johannsen 
or other similar apparatus. 
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press the fibers down between the teeth. The fibcr-<fepressing 
smooth plate consists of a polished brass plate approximately 25 
X 50 mm, with a lcnob or handle on the upper surface whereby 
the plate may be smoothed over the fibers as they are laid on 
the velvet surface of the array plates. The velvet-<:overed plates, 

· upon which the fibers may. be arrayed, an: aluminum sheets ap­
proximately 100 mm X 225 mm X 2.4 mm thick. covered on 
both sides with high-grade velvet, preferably black. 

Selectloa of Cotton-After unrolling the cotton, prepare a rep­
resentative laboratory test specimen by taking from a package 
CQDtaining from 8 to 16 ounces, 32 pinches (about 75 mg each) 
well distributed throughout the bulk of the lap, 16 representative 
pinches being taken from each longitudinal half of the lap. Avoid 
the cut ends of the lap, and take particular care to secure portions 
throughout the thickness of the lap. To avoid biased selection of 
long or short fibers, remove all fibers of the group pinched and 
do not allow them to slip from between the fingers. 

From packages of not more than 4 OUJICCS in weight, take 8 
pinches, and from packages weighinj more than 4 ounces and 
not more than 8 ounces, take 16 pinches, all well distributed. 

Mix the pinches in pairs promiscuously, and combine each pair 
by gently drawing ana lapping them in the fingers. Then divide 
each combined pair by splitting longitudinally into two approx­
imately equal parts and utilize one part in the further mixing. 
(The other part may be discarded or reserved for any further 
tests or checks.) 

Repeat the process described in the preceding earagraph with 
the successive halves of the bifurcated series until only l pinch, 
the final composite test portion, results. Gently parallel and 
straighten the fibers of the final COillJ)OSite test portion by drawing 
and lapping them in the fingers. Take care to retain all of the 
fibers, including as far as possible those of the neps (specks of 
entangled fibers) and naps (matted m~scs of fibers), discarding 
only motes (immature seed fragments with fibers) and nonfiber 
foreign material such as stem, leaf, and fragments of seedcoats. 

From the final composite ~n described in the preceding 
paragraph, SCl?3!ate !ongitudmaliy a test portion of 75 ± _,. mg, 
accurately weighed. Retain the residue for any check test nec­
essary. 
. Proced~With the fiber-depressing grid carefully insert the 
weighed test portion into one bank of combs of the cotton sorter, 
so that it extends across the combs at approximately right angles. 

With the sorter forceps, grip by the free ends a small portion 
of the fibers extending through the teeth of the comb nearest to 
the operator; gently and smoothly draw them forward out of the 
combs, and transfer them to the tips of the teeth in the second 
bank of combs, laying them parallel to themselves, straight, and 
approximately at right angles to the faces of the combs, releasing 
the gripped ends as near to the face of the front comb as possible. 
With the depressor grid carefully press the transferred fibers 
down into the teeth ·or the combs. Omtinue the operation until 
all of the fibers are transferred to the second bank of combs. 
During this tramfer of the fibers, drop the combs of the first 
bank in succession when and as all of the protruding fibers have 
been removed. 

Turn the machine through 180°, and transfer the cotton fibers 
back to the first bank of combs in the manner described in the 
preceding paragraph. 

Take great care in evening up the ends of the fibers during 
both of the above transfers, arranging them as closely as possible 
to th.e front surface of the proximal comb. Such evening out of 
th~ ends or the protruding fibers may involve drawing out strag­
glint fil5ers from both the front and rear aspects of the banks of 
combs, and rc-<fepositing them into and over the main bundle in 
the combs. 

Tum the machine again through 180°. Drop suceea.~ive combs 
if ncccssa?' to exp~ the ends of ~e longest fibcJrs. It Oll\Y. be 
necessary t.o re-<fepo1nt some stra11:11:.hna fibers. With the forceps 
withdraw the few most protuberant fibers. In this way continue 
to withdraw successively the remaining protuberant fibers back 
to · the front face of the proximal comb. Drop this comb and 
repeat the series of operations in the same manner until all of 
the fibers have been cfrawn out. In order not to disturb serioll51y 
the portion being tested, and thereby vitiate the length fraction­
ation into length groups, make several pulls (as many as 8 to 10) 
between each pair of combs. 

Lay the pulls on the velvet~vered plates alongside each other, 
as straight as possible, with the ends as clearly defined as possible, 
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and with the distal ends arranged in a straight line, pressing them 
down gently and smoothly with the fiber-depressing smooth plate 
before releasing the pull from the forceps. Employ not less than 
50 and not more than I 00 pulls to fractionate the test portion. 

Group together all of the fibers measuring 12.5 mm (about 
½ inch) or more in length, and weigh the group to the nearest 
(f 3 mg. In the same manner, group together all fibers 6.25 mm 
(about ¼ inch) or less in length, and weigh in the same manner. 
Fmally, group the remaining fibers of intermediate lengths to­
gether and weigh. The sum of the three weights does not differ 
from the initial weight of the test portion by more than 3 mg. 
Divide the weight of each of the first two groups by the weight 
of the test portion to obtain the percentage by weight of fiber in 
the two ranges of length. 

(695) CR YSTALLINITY 
This test i.s provided to detennine compliance with the crys­

tallinity requirement where stated in the mdividual monograph 
for a drug substance. 

Procech1re-Unless otherwise specified in the individual mono­
graph, moUJlt a few particles of the specimen in mineral oil on 
a clean glass slide. Examine the mixture using a polarizing mi­
croscope: the particles show birefringence (interference colors) 
and extinction positions when the microscope stage is revolved. 

(701) DISINTEGRATION 
This test is provided to determine compliance with the limits 

on Disintegration stated in the individual monographs except 
where the label states that the tablets or capsules arc intended 
for use as trocbes, or arc to be chewed, or arc oesigned to liberate 
the drug content gradually over a period of time or to release the 
drug over two or more separate periods with a distinct time in­
terval between such release periods. Determine the cypr. of 1m.its 
under test from the labeling and from observation, and apply the 
appropriate procedure to 6 or more dosage units . 

For the purposes of this test, disintegration. does not imply 
complete solution of the unit or even of its active constituc;nt. 
Complete disintegration is defined as that state in which any 
residue of the unit, except fragments of insoluble coating or cap­
sule shell, remaining oo the screen of the test apparatus is a soft 
mass having oo palpably firm core. 

Apparatus 
The apparatus' consists of a basket-rack assembly, a 1000-mL, 

low-form beaker for the immersion fluid, n thermostatic arrani<>­
ment for heating t.!\e fluid between 35° and 39°, and a device 
for raising and lowering the basket in the immersion fluid at a 
constant frequency rate between 29 and 32 cycles per minute 
throug.h a distance of not less than 5.3 cm and not more than 5.7 
cm. The volume of the fluid in the vessel is such that at the 
highest point of the upward stroke the wire mesh remains at least 
2.5 cm below the surface of the fluid and descends to not less 
than 25 cm from the bottom of the vessel on the downward stroke. 
The time rcquireci°for the upward stroke is equal to the time 
required for the downward stroke, and the change in .stroke di­
rection is a smooth transition, rather thaJI an abrupt revetlal of 
motion. The basket-rack assembly moves vertically along its axis. 
There is no appreciable horizontal motion or mQvcmcnt of the 
axis from the vertical. 

Ba.rut-rack Assembly-The basket-rack assembly consists of 
six open-ended transparent tubes, each 7.75 ± 0.25 cm long and 
having an inside diameter of approximately 21.5 mm and a wall 
approxima~cly 2 mm thlck; the tubes are held in a verticat;x,s1tton 
i>y two p1asi1c plate~. each about 3 cm in diameter and o mm in 
thickness, with six holes, each about 24 mm in diameter, equi­
distant from the center of the plate and equally spaced from one 
another. Attached to the under surface of the lower plate is 10. 
mesh No. 23 (0.025-inch) W. and M. gauge woven stainless-steel 

1 A suitable apparatus, meeting these specifications, is avail­
able from laboratory supply houses, from Van-Ke! Industries, 
Ine.., 36 Meridian Rd., Edison, NJ 08820, or from Hanson Re­
search Corp., P. 0. Box 35, Northridge, CA 91324. 
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wire cloth having a plain square weave. The parts of the appa­
ratus are assembled and rigidly held by means of three bolts 
passing through the two plastic plates. A suitable means is pro­
vided to suspend the basket-rack assembly from the raising and 
lowering device using a point on its axis. 

The design of the basket-rack assembly may be varied some­
what provided the specifications for the glass tubes and the screen 
mesh size are maintained. 

Disks2-Each tube is provided with a slotted and perforated 
~¥1indrical disk 9.5 ± 0.15 mm thick and 20.7 ± 0.15 mm in 
diameter. The disk is made or a suitable, transparent plastic 
material having a specific gravity of between 1.18 and 1.20. Five 
2-mm boles extend between the ends of the cylinder, one of the 
holes being through the cylinder uis and the others parallel with 
it equally spaced on a 6-mm radius from it. Equally spaced on 
the sides of the cylinder are four notches that form V-shaped 
planes that are perpendicular to the ends of the cylinder. The 
dimensions of each notch are such that the openings on the bottom 
of the cylinder are 1.60 mm square and those on the top are 9.5 
mm wide and 2.55 mm deep. All surfaces of the disk are smooth. 

Procedure 
Uncoated Tablets-Place I tablet in each of the six tubes of 

the basket, add a dis.k to each tube, and operate the apparatus, 
using water maintained at 37 ± 2° as the immersion fluid unless 
another fluid is specified in the individual monograph. At the 
end of the time limit specified in the monograph, lift the basket 
from the fluid, and observe the tablets: all of the tablets have 
disintegrated completely. If I or 2 tablets fail to disintegrate 
completely, repeat the test on 12 additional tablets: not less than 
16 of the total of 18 tablets tested disintegrnte completely. 

Plain Coated Tablets-Place 1 tablet in each of the six tubes 
of the baskei and, if the tablet has a soluble external coating, 
immerse the basket in water at room temperature for 5 minutes. 
Then add a dis~ to ~ch tube, ~nd _operate the ap.~ratus, u~ng 
simulated gastric fluid TS mau:itamed at 37 ± 2° as the im­
mersion tlwd. After 30 minutes of operation in simulated gastric 
fluid TS, lift the basket from the fluid, and observe the tablets. 
If the tablets have not disintegrated completely. substitute sim­
ulated intestinal fluid TS maintained at 37 ± 2° as the immer&ion 
fluid, and continue the test for a total period of time, including 
previous exposure to water and simulated gastric fluid TS, equal 
to the time limit specified in the individual monograph plus 30 
minutes, lift the basket from the fluid, and observe the tablets: 
all of the tablets have disintegrated completely. If l or 2 tablets 
fail to disintegrate completely, repeat the test on 12 additional 
tablets: not Less than 16 of the total of 18 tablets tested disin­
tegrate completely. 
. Enterk-coated Tablet&-Place L tablet in eacb of the six tubes 

of the basket and, if the tablet has a soluble external C?ating, 
immel'lje the basket in water at room temperature for 5 minutes. 
Then operate the apparatus, without adding the disks, using s~m­
ulated gastric fluid TS maintained at 37 ± 2° as the immers1oil 
fluid. After 1 hour of operation in simuJated gastric fluid TS, 
lift the basket from the fluid, and observe the tablet.'!: the tablets 
show no evidence of disintegration, cracking, or softenini. 11;ien 
add a disk to each tube, and operate the apparatus, usmg SJ.m­
ulated intestinal fluid TS maintained at 37 ± 2° as the immersion 
fluid, for a period of time equal to 2 hours plus the time LinJ.it 
specified in the individual monograph, or, where only an entenc­
coated tablet is r«:0gnized, for only the time limit specified in 
the monografh. Lift the bask.et from the fluid; and observe the 
tablets: all o the tablets disintegrate completely. If l or 2 tablets 
fail to disintegrate completely, repeat the test on 12 additional 
tablets: not less than 16 of tho total of 18 tablets tested disin-
tegrate completely. -

Baccal Tablets-Apply the test for Uncoated Tablets; but omit 
tbe use of the disks. After 4 hours, lift the basket from the fluid., 
and observe the tablets: all of the tablets have disintegrated. If 
l or 2 tablets fail to disintegrate completely, repeat the test on 
12 additional tablets: not Jess than 16 of the total of 18 tablets 
te~'ted disintegrate completely. 

Sublingual Tablets-Apply the test for Uncoated Tablets, but 
omit the use of the disks. Observe the tablets within the time 

2 Disks meeting these specifications are obtainable from Van­
Kel Industries, Inc. 
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limit specified in the individual monograph: all of the tablets 
have disintegrated. If 1 or 2 tablets fail to disintegrate com­
pletely, repeat the test on 12 additional tablets: not Jess than 16 
of the total of 18 tablets tested disintegrate completely. 

Hard ~latin Capsules-Apply the test for Uncoated Tablets, 
but omit the use of disks. In place of disks attach a removable 
10-mesh wire cloth,3 as described under Basket-rack Assembly, 
to the surface of the upper plate of the basket-rack assembly. 
Observe the capsules within the time limit specified in the in­
dividual monograph: all of the capsules have disintegrated except 
for fragments from the capsule shell. If 1 or 2 capsules fail to 
disintegrate completely, repeat the test on 12 additional ca~ules: 
not Jess than 16 of the total of 18 capsules tested disintegrate 
completely. 

Soft Gelatin Capsules-Proceed as directed under Hard Gel­
atin Capsules. 

3 A suitable wire cloth cover is available as Van-Kc! Industries 
Part TI-1030. 

(711} DISSOLUTION 
This test is provided to determine compliance with the disso­

lution requirements where stated in the individual monograph for 
a tablet or capsule dosage form, except where the label states 
that the tablets are to be chewed. Requirements for Dissolution 
do not apply to soft gelatin capsules unless specified in the in­
dividual monograph. Where the label states that an article is 
enteric-coated, and a dissolution or disintegration test that does 
not specifically st.ate that it applied to enteric~oatcd articles is 
included in the individual monograph, the test for Delayed-re­
lease Articles under Drug Release (724) is applied unless other-

. wise. specified in tbe individual monograph. Of the I~ of ap­
paratus described herein, use the one specified in the uidividual 
mQnogr~pb. 

Apparatus I-The assemb]y consists of the following: a cov­
ered vessel made of glass or other inert, transparent material1; a 
motor; a metallic drive shaft; and a cylindrical basket. The vessel 
is partially immersed in a suitable water bath of any convenient 
size that permits holding the temeerature inside the vessel at 37 
± 0.5° during the test and .keepUlg the bath fluid in constant, 
smooth motion. No part of the assembly, including the environ• 
ment in which. the assembly is pla<X:d, contributes significant 
motion, agitation, or vibration beyond that due to the smoothly 
rotating stirring element. Apparatus that permits observation of 
the specimen and stirring element during the test is preferable. 
The vessel is cylindrical, with a hemispherical bottom. It is 160 
mm to 175 mm high, its inside diameter is 98 mm to 106 mm, 
and its nominal capacity is 1000 mL. Its sides are flanged at the 
top. A fitted cover may be used to retard evaporation.2 The 
shaft is positioned so that its axis is not more than 2 mm at any 
point from the vertical axis of the vessel and rotates smoothly 
and without significant wobble. A speed-regulating device is used 
that allows the shaft rotation spec<J to be sefected and maintained 
at the rate specified in the individual monop-aph, within ± 4%. 

Shaft and basket components of the stimng element a.re fal►. 
ricated of stainless steel, type 316 or equivalent, to the specifi• 
cations shown in Figure 1. Unless otherwise specified in the in­
dividual monograph, use 40-mesh cloth. A basket having a gold 
coating 0.0001 inch (2.5 "'11) thick may be used. The dosage 
unit is pla<X:d in a dry basket at the beginning of each test. The 
distance between the inside bottom of the vessel and the basket 
is maintained at 25 ± 2 mm during the test. · 

Apparatus 2-Use the assembly from Apl!aratus 1, except that 
a paddle. formed from a blade and a shaft 1s u.sed as the stirring 
clement. The shaft is positioned so that its axis is not more than 
2 umi. at any point from ihi: vertical axis of the vessel, anci rotates 
smoothly without significant wobble. The blade passes t~rough 
the diameter of the shaft so that the bottom of the blade is Oush 
with the bottom of the shaft. The paddle conforms to the spec­
ifications shown in Figure 2. The distance of 25 ± 2 mm betw~n 
the blade and the inside bottom of the vessel is maintained during 

1 The materials should not sorb, react, or interfere with the 
specimen being tested. · 

2 If a cover is used, it provides sufficient openings to allow 
ready insertion of the thermometer and withdrawal of specimens. 
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the test. The metallic blade and shaft comprise a single entity 
that may be coated. with a suitable inert coating. The dosage 
unit is allowed to sink to the bottom of the vessel before rotation 
of the blade is started. A small, loose piece of nonreactive ma­
terial such as not more than a few turns of wire helix may be 
attached to dosage units that would otherwise float. 

Apparatus Suitability Test-Individually test l tablet of the 
USP Dissolution Calibrator, Disintegrating Type3 and 1 tablet 
of USP Dissolution Calibrator, NomJisintegrating Type,3 ac­
cording to the operating conditions S{l<:cified. The apparatus is 
suitable if the results obtained are within the acceptable range 
stated in the certificate for that calibrator in the apparatus tested. 

Dlssolu:tiOII Medium-Use the solvent specified in the individ­
ual monograph. If the Dissolution Medium is a buffered solution, 
adJust the solution so that its pH is within 0.05 unit of the pH 
specified in tbe individual monograph. [NOTE-Dissolved gases 
can cause bubbles to form which may change the results of the 
test. In such cases, dissolved gases should be removed prior to 
testing.] · 

Time-Where a single time specification is given, the test may 
be concluded in a shorter period if the r«iuirement for minimum 
amount dissolved is met. If two or more times are specified, 
specimens are to be withdrawn only at the stated times, within 
a tolerance of ± 2%. · 

Procechue for Capsules, Un~ated Tablets, and Plain Coated 
Tablets-Place the stated volume of the Dissolution Medium in 
the ve:ssel of the apparatus specified in the individual monograph, 
assemble the apparatus, equilibrate the Dissolution Medium to 
37 ± 0.5°, and remove the thennometcr. Place 1 tablet or I 
capsule in the apparatus, taking care to exclude air bubbles from 
the surface of the dosage-fonn unit, and immediately operate the 
apparatus at the rate specified in the individual mo.ncigraph. 
Within the time interval specified, Qr at each of the times stated, 
withdraw a specimen from a 1.0ne midway between the surface 
of the Dissolution Medium and the top of the rotating basket or 
blau1:, not les;; than 1 cm from the vessel w&ll. Perform the 
analysis as directed in the individual monograph. Repeat the test 
with additional dosage form units. . 

Where capsule shells interfere with the analysis, remove the 
contents of not less than 6 capsules as completely as possible, 
and dissolve the empty capsule shells in the specified volume of 
Dissolution Jhdium. Perform the analysis -as directed in the 
individual monograph. Make anr necessary correction. Correc­
tion factors greater than 25% o the labeled content are unac­
ceptable. 
· Iaterpretati-On-Unless otherwise specified in the individual 
monograph, the requirements arc met if the quantities of active 
ingredient dissolved from the units tested conform to the accom• 
panying acceptance table. Continue testing through the three 
stages unless the results conform at either S1 or S2• The quantity. 
Q, is the amount of dissolved active ingredient specified in the 
individual monograph, expre:ssed as a percentage of the l!lbeled 
content; both the 5% and 15% values in the acceptance table are 
percentages of the. labeled content so that these values and Q arc 
1a the same terms.. · · 

Number 
Stage Tested 

S1 6 
~ 6 

$3 12 

Acceptance Table 

Acceptance Criteria 
Each unit is not less than Q + 5%. 
Average of 12 units (S1 + S2) is equal 

to _or greater than Q, and no unit is less 
than Q - 15%. 

Avetage of 24 units (Sl + S2 + S3) is 
equal to or greater ll'lan Q, not more 
than 2 units are less than Q - 15%, 
and no unit is less than Q - 25%. 

(721) DISTILLING RANGE 
To determine the range of temperatures within which an of­

ficial liquid distils, or lh.e percentage of the material that distils 
between two specified temperatures, use Method I or Method II 

3 Available from USP-NF Reference Standards, 12601 Twin­
brook Parkway, Rockville, MD 20852. 
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as directed in the individual monograph. The lower limit of the 
range is the temperature indicated by the thermometer when the 
first drop of condensate leaves the tip of the condenser, and the 
upper limit is the Dry Point, i.e., the temper-ature at which the 
last drop of liquid evaporates from the lowest point in the dis,­
tillation flask, without regard to any liquid remaining on the side 
of the flask, or the temperature observed when the proportion 
specilied in the individ.ual monograph has been collected. · · 

[NOTE-Cool all liquids that distil below 80° to be.tween 10° ana 15° before measuring the sample to be distilled.] . 

Method I · 
Apparatus- Use apparatus similar to that specified for Met hod 

II, except that the distilli!lg flask is of 50- fo 60-mL capacity, 
and the neck of the flask IS 10 to 12 cm long and 14 to 16 mm 
in internal diameter. The perforation in the upper asbestos board, 
if one is used, should be such that when . the flask is set inio it, 
the portion of the flask below the upper surface of the asbe~tos 
has a capacity of 3 to 4 mL. 

~edure-Proceed as directed for M.et/wd. II, but place in 
the flask only 25 mL of the liquid to be tested. , · ' 

Method Ii 
Ap,anuas-U~ an apparatus co.nsistingof the following parts: 
Distllllng Flask-A round-bottom distilling flask. of heat-re­

sistant glass, of 200-mL capacity, and ha~ng a total l~gth of 
17 to 19 cm and an inside neck d.iameter of 20 to 22 mm. At­
tached about midway on the neck:, approximately 12 cm from 
the bottom of the flask, is a side-arm 10 to 12 cm long and 5 
mm in internal diameter, which forms an angle of 70° to 75° 
with the lower portion of the neck. · · -· · . · 

Condenser- A straight glass condenser 55 to 60 cm io length 
with a water jacket about 40 cm in length, or a condenser of 
,;,tb,:r rlP.S.igo having equivlll1:nt .condensin$ <:».pacitt · Tbe lower 
end of the conde~r may be bent to pronde a delivery tube, or 
it may be connected to a bent adapter that serves as Ii delivery 
tube. · 

Asbestos !Joards-Two pieces of asbestos board. S. to 7 mm 
thick and 14 to ?6 cm square, s:uitaple for confining the heat to 
the lower part of th\: flask. Each board b~ a bolo. in its. center, 
and the two boards differ only with respect to the diameter of 
t.he hole, i.e., the diameters are 4 and 10 cm, respectively. In 
use, the boards are placed one upon the other, and resting on a 
tripod or other suitable support, with the board having the larger 
hole on top. · . . · . 

Receiver- A 100-alL cylinder graduated in 1-mL subdivisions. 
. Thermometer--I,i order to avoid the necessity fo; an emergent 

stem correction, an accurately standardiud. J.>2:!tial-immersion 
thermometer having the smallest practical subdivisions (not greater 
than 0.2°) is recommended. Suitable thermometers are available 
as the ASTM E-1 series 37C through 41C, and 102C through 
l07C (see Thermometers (21)). When placed•in position, the 
stem is located in the center of the neck and the top . of the 
contraction chamber (or bulb, if 37C or.38C is used) is level with 
the bottc,m of the outlet to the side-arm. - , 

Heat Source-A small Bunsen burner or an electric heater or 
mantle capable of adjustment compar~ble to that possible with 
a Bunsen burner. · -
. Pro~Assemble the apparatus, and place in the flask 
100 mL of the liquid to be tested, taking care not to allow any 
of the liquid to enter the side-arm. Insert the thermometer, shield 
the entire burner and flask ~nibly from external air currents, 
and apply heat, r~lating it so that between 5 and 10 minutes 
elapse before the 11rst drop of distillate falls from the condenser. 
-:Ontinue the distillation at a rate of 4 to 5 mL of distillate per 
minute, collecting the distillate in the receiver, Note the tem­
perature when the first drop of distillate falls from the condenser, 
and again when the last drop of liquid evaporates from the bottom 
of the flask or when the specified percentage has distilled over. 
Correct the observed temperature readings for any variation in 
the barometric pressure from the normal (760 mm), adding if 
the pressure is lower or subtracting if the pressure is higher than 
760 mm, and apply the emergent stem correction where neces­
sary. Unless otherwise specified in the individual 'monograph, 
allow 0.1 ° for each 2. 7 mm (0.037° per mm) of variation. 
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(724} DRUG RELEASE 
This t<.lSt is provided to determine compliance with drug-release 

requirements where specified in individual monographs. Use the 
apparatus specified in the individual monograph. 

Apparatus I, Apparatus l, Apparatus Suitability Test. Disso­
lution Medium, and Pro<:edure-:--Proceed as directed under Dis­
solution ( 711). [NOTE-Replace the aliquots withdrawn for 
analysis with equal volumes of fresh Dissolution Medium at 37° 
or, where it can be shown that replacement of the medium is not 
necessary, correct for the volume change in the calculation, Keep 
the vessel covered for the duration of the test, and verify the 
temperature of the mixture un~er test at suitable times.) 

Extended-release Arti.~Jes~General Drug 
Rele3$e Standard 

11m~The test-time. points, generally three, are expressed in 
terms of the labeled dosing interval, D, expressed iri hours. Spec­
imens are to be withdrawn within a tolerance of ± 2% of the 
stated time. 

Interpretation-Unless otherwise specified in the individual 
monoarap11, the requirements are met if the quantities of active 
ingredient dissolved from the units. tested conform to AcceptaJtCe 
Table J. 'Continue testil:lg through the three levels unless the 
results oonfoni:l at either L1 or Li. Limits on the amounts of 
active ingredient d~lved are expressed in terms of the per­
centage of labeled content. The limits embrace each value of Q1, 
the amount dissolved at each specified fractional dosing interval. 

Level 

Acceptance Table 1 
Number 
.Tested Criteria 

6 No individual value lies outside each 
of the stated range.~ and no individ­
ual value is less than the stated 
amount at the final test time. 

6 The averaie value of the 12 units (£1 + Li.) hes within each of the stated 
ranges and is not less than the 
stated amount at the final test time; 
none is more than 10% of labeled 
content outside each of the stated 
ranges; and none is more than l 0% 
of labeled content below the stated 
amount at the final test time. 

12 The average value of the 24 units (Li 
+ L2 + 1-,) lies within each of the 
stated ranges. and is not less than 
the stated amount at the final test 
time; not more than 2 of the 24 
units are more than i0% of labeled 
content outside each of the stated 
ranges; not more than 2 of the· 24 
units are more than IO% of labeled 
content below the stated amount at 
the final test time; and none of the 
units is more than 20% of labeled 
content outside each of the stated 
ranges or more than 20% of labeled 
content below the stated amount at 
the final test time, 

Delayed.:.release (Enteric•coated) Articles­
General Drug Release Standard 

Us~ Method A or Method B and the apparatus specified m 
the individual monograph. Conduct the Apparatus Suitability 
Test as directed under Dissolution {711}. All test times stated 
are to be observed within a tolerance of ± 2%, unless otherwise 
&pccified. 
Method A: . . 

Procedure (unless otherwise directed in the individual mono-
graph}-- . . 

Acid stage-Place 150 mL of 0.1 N hydrochloric acid in the 
vessel, and assemble the apparatus. Allow the medium to equil-
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ibrate to a temperature of 37 ± 0.5°. Place l tablet or I capsule 
in the apparatus, cover the vessel, and operate the apparatus for 
2 hours at the rate specified in the monograph. 

After 2 hours of operation in 0.1 N hydrochloric acid, withdraw 
an aliquot of the fluid, and proceed immediately as directed under 
Buffer stage. · · 

Perform an analysis of the aliquot using the Procedure spec­
ified in the test for Drug release in the individual monograph. 
· Unless otherwise specified in the individual monograph. the 

requirements of this portion of the test are met if the q_liantities, 
based on the percentage of the labeled content, of active ingre­
dient dissolved.from the units tested conform to Acceptance Table 
2. Continue testing through all levels unless the results of both 
acid and buffer stages conform at an earlier level. 

Level 

Acceptance Table 2 
Number 
Tested 

6 

6 

12 

Criteria 

No individual value exceeds 10% dis· 
solved. · 

Average of the 12 units (A1 + Ai) is 
not more than 10% dissolved, and 
no individual unit is greater than 
25% dissolved. 

Average of the 24 units(~ + A; + 
A3) is not more than 10% dissolved, 
and no individual unit is greater 
than 25% dissolved. . 

• Buffer stage-[NOTE-Complete the 0J?erations of addil'lg the 
buffer, and adjusting the pH within S nunutes.] With the ap­
paratus operatmg at the rate specified in the monograph, add to 
the fluid in the vessel 250 mL of 0.20 M tribasic sodium phos­
phate that has been equilibrated to 37, ± 0.5°. Adjust, if nec­
essary, with 2 N hydrochloric acid or 2 N sodium hvdtox.ide to 
a pH of 6.8 ± 0.05. Continue to operate the apparatus for 45 
minutes, or for the time specified in the individual monograph. 
At the end of the time period, withdraw an aliquot of the fluid, 
and perfonn the analysis usin~ the P~dure specified in the 
test for Drug release ill the individual monograph. The test may 
be concluded in a shorter time period than that specified for the 
Buffer .rJage if the requirement for minimum amount dissolved 
is met at an earlier time. · 

Interpretation-Unless otherwise specified in the individual 
!?lonog_raph,.tbe requirements~ met if the quantities of active 
mgredlent dissolved from the uruts tested conform to Acceptance 
Table 3. Continue testing through the three levels unless the 
results of both stages conform at an earlier level. The value of 
Q in Acceptance Table 3 is 75% dissolved unless otherwise spec­
ffied in the individual monograph. The quantity, ~. specified in 
the individual monograph; is the total amount of active ingredient 
dissolved in both the acid and buffer stages, ex.pressed as a per­
centage of the labeled content. The 5% and 15% values in Ac­
ceptance Table 3 are percentages of the labeled content so that 
these values and Q are in the same terms. · · · 

B . 
3 • 

Method .B: 

Acceptance Table 3 
Number 
Tested 

6 
6 

12 

Criteria 

Each unit is not less than Q + 5%. 
Average.of 12 units (81 + Bi) ls 

equal to or greater than Q, Qlid n<> 
unit is less than Q - .l 5%. 

Average of 24 units (B1 + B2 + B3) 
is equaJ to or greater than Q, not 
moie than Z units are less than Q. 
- IS%, and no unit is less than Q 
- 25%. · 

Procedure (unless otherwise directed in the individual mono­
graph}-

Acid stage-Place 1000 mL of 0.1 N hydrochloric acid in the 
vessel, and assemble the apparatus. Allow the medium to equil-
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ibratc to a temperature of 37 ± 0.5°. Place l tablet or 1 capsule 
in the apparatus, cover the vessel, and operate the apparatus for 
2 hours at the rate specified in the monograph. After 2 hours of 
operation in 0.1 N hydrochloric acid, withdraw an aliquot of the 
fluid, and proceed immediately as directed under Buffer stage. 

Perform an analysis of the aliquot using the Procedwe spec­
ified in the test for Drug release in the individual monograph. 

Unless otherwise specified in the individual monograph, the 
requirements of this portion of the test are met if the quantities, 
based on the percentage of the labeled content, of active ingre­
dient dissolved from the units tested confonn to Acceptance Table 
2 under Method A. Continue iesting through all levels unless 
the results of both acid and buffer stages conform at an earlier 
level. 

Buffer stage-[NOTE-For this stage of the procedure, use 
buffer that previously bas been equilibrated to a temperature of 
37 ± 0.5°.) Drain the acid from the vessel, and add to the vessel 
1000 mL of pH 6.8 ph~phate buffer, prepared by milting 0.1 N 
hydrochloric acid with 0.20 M tribasic sodium phosphate (3: l) 
and adjusting, if necessary, with 2 N hydrochloric acid or 2 N 
sodium hydroxide to a pH of 6.8. ± 0.05. [NOTE-This may be 
accomplished also by removing from the apparatus the vessel 
containing the @eid and replacing it with another vessel containing 
the buffer and transferring the dosage unit to the vessel containing 
the buffer.] Continue to operate the apparatus for 45 minutes, 
or for the time specified in the individual monograph. At the 
end of the time period, withdraw. an aliquot of the fluid, and 
perform the analysis using the Procedure specified in the test for 
Drug release in the individual monograph. The test may be con• 
eluded in a shorter time period than that specified for the Buffer 
stage if the requirement for minimum amount dissolved is met 
at an earlier time. 

lnterpretation:_Proceed as directed for Interpretation under 
Method A. . 

, . ' ~ . 
Transdermal · Delivery Systems-:-Gerieral · 

· Drug Release Standards · 

· Time-The test-time 
0

points, gene.ally. thr~, a~ exp~cd in 
terms of the labeled dosing interval, D, expressed in hours. Spec­
imens arc to be withdrawn within a tolerance of :t 15 minutes or 
± 2% of the stated time, the tolerance that results in the narrowest 
time illterval being selected. · · 

Appara~ 3---
PADDLE OVER DISK- , . · , , 

. APPARATIJS-{Jse the paddle and vessel a$$Cmbly from Ap­
paratus 2 as described under Disso/ul{on ( 711), with the addi'tion 
of a stainless steel disk assembJy1 designed for holding the trans­
dermal system at the bottom Qf the vessel. The temperature is 
maintained at 32 ± 0.5°. A distance of 25 ± 2 mm between 
the paddle blade and the surface of the disk assembly is main­
tained during the t"t. The vessel may be covered during the 
test to minimize evaporation. The disk assembly for holding the 
transdermal system 1s designed to minimize any "dead" volume 
between the disk assembly and the bottom· of the vessel. . The 
disk assembly holds the system flat and is positioned such that 
the release surface is parallel with the bottom of the paddle blade 
(see Fig. I). · . • · , . 

ApParatus Su.ltabillty Test and Dissolution Medi~Proceed 
as dltect~ for Apparatus 1 under Dissolution (711 ), 

Proqdmre-Placc the, stated volume of the Dissolution Me­
dium in the v~I, asseni~le the apparatus without the disk as­
sembly, and equilibrate.the medium to 32 ± 0.5°. Apply the 
transdermal system t.o the lft~k assembly, assuring lhat the release 
swface of the sy~tem is as flat as possible. The system may be 
attached to the disk by apptymg a suitable adhesive2 to the disk 
assembly. Dry for 1 minute. Press the system, release surface 
side up, onto tlie adhesive-coated side of the disk assembly. If 

1 Disk assembly (stainless ~upport d.isk) may be obtained from 
Millipore Corp., Ashley Rd., Bedford, MA 01730. · 
· • Other appi;opriat~ devices ~y be used, _provid~ they do not 
sorb, react with, or interfere with the speeimen being tested. 

2 Use Dow Corning,. 3S5 Medical Adhesive 18.5% in Freon 
113, or the equivalent. 
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Fig. 1. Paddle Over Disk. 

a membrane3 is used to support the system, it is applied so thai 
no air bubbles occur between the membrane and the release sur­
face. Place the disk assembly flat at the bottom cf the YCS31:I 
with the release surface facfag up and parallel to the edge of the 
paddle blade and surface of the Dissolution Medium. The bot­
tom edge of the paddle is 25 ::t 2 mm from the surface of the 
disk assembly. Immediately operate the apparatus at the rate 
specified in the monograph. At each sampling time interval, 
withdraw a specimen from a zone midway between the surface 
of the Dissolution Medium and the· top of the blade, not less 
than l cm from the vessel wall. Perform the analysis on each 
sampled aliquot as directed in the individual monograph, cor• 
cectmg for any volume losses, as necessary. Repeat the test with 
additional transdermal systems. · 

Interpretado~Unlcss otherwise specified in the individual =pb, the requirements are met if the quantities of active 
i ient released from the system conform to Acceptance Table 
4 or transdcrmal drug delivery systems. Continue testing through 
the three levels unless the results conform at either L1 or ~-

Level 

~ 

Acceptance Table 4 
Number 
Tested 

6 

6 

12 

Criteria 
No individual values lies outside the 

stated range. 
The average value of the 12 units {L1 

+ L:J lies within the stated range. 
· No individual value is outside the 
· stated range by more than 10% of 
the average of the stated r~e. 

The average value of the .24 Ulllts (L1 + ~ + i.J) lies within the state<l 
range. • Not more than 2 of the 24 
units are ()t•t~ide the stated range hy 
more than l 0% of the average of the 
stated range; and none of the units 
is outside the stated range by more 
than 20% of the average of the stated 
range. · 

. . 3 Use Cuprophan, Type 150 pm, l l ± 0.5-µm thick, an inert, 
porous cellulosic material, which is available from ENKA AG, 
1601 Castle Cove Circle, Corona De]Mar, CA 92625, or LlfeMed 
Corp., 2107 Delano Blvd., Compton, CA 90220. 
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Apparatus. ~tinder . 
APPARATUS-t.fse the vessel assembly from Apparatus J as 

described under Dissolution ( 711 >. except to replace the basket 
and shaft with a stainless steel cylinder stirring element and to 
maintain the temperature at 32 ± 0.5° during the test. The shaft 
and cylinder components of the stirring element are fabricated 
of stainless steel to the specifications shown in fig. 2. The dosage 
unit is placed on the cylinder at the beginning of each test. The 
distance between the inside bottom of the vessel and the cylinder 
is maintained at 25 ± 2 mm during the test. 

A 

F01Jr hofS$ at f. 111 dia. 
o~ly spaced Ofl 2.540 
dia. b.c. at 26.6 :1:. 0.5• 
anghl lo surface. 

A 

Interference fit 

-. 
~~:~:~~3- -:-j~~==-_---~+=--:;-=::=::~~ ·.~c '°i' 

TOLERANCES, 2.134 .,j 
· d:0.00762 

FINISH, j TI ;::i:°f::e All surfaces ~2 
mic,oinch rms.. I 3 ·670 us~d far · 

~== ~! ·r--.. 304staitllessstul . 1. · . 5.712 . 

Oimens;ons are ifl caitime/4~ 

Fig. 2. Cylinder Stirring Element. 4 . 

Dissolution Medill.Ill-Use the medium specified in the in_di­
vidual monograph (see Dissolution (111) ) . 

Proei!dure-P!ace the stated volume of the Dissolutfon Me­
dium in the vessel of the apparatus specified in the individual 
monograph, assemble the agparatus, and equilibrate t.he disso­
lution medium to 32 ± 0.5 . Unless otherwise directed in the 
individual monograph, prepare the test system prip.r to test as 
follows: Remove the protective liner from the system, and place 
the adhesive side on a piece of Cuprophan3 that is not less than 
l cm larger on all sides than the system. Place the system, Cu­
prophan covered side down, on a clean surface, and apply a suit­
able adhcsive2 to the exposed Cupropban borders. If necessary, 
apply additional adhesive to the back of the system. Dry for 1 
minute. Carefully apply the adhesive-coated side of the system 
to the exterior of the cylmder such that the long axis of the system 
fits around the circumference of the cylinder. Press the Cupro­
phan covering to remove trap.Ped air bubbles-. Place the er.Under 
in th~ ap~ratus, and immediately rotate at the rate specified in 
the indivLduaJ monograph. :Within the time interval specified, or 
at each of the times stated, withdraw a quantity of Dissolution 
Medlwr, for analysis from a zone ~dwa; between the surface 
of.the Dis10/ution Medium and the top o the rotating cylinder, 
oot less than .I r.m froro. thr. vessel wall. J>P-d'nm.i thr. anal~is ll~ 

directed in the individual monograph, correcting for any volume 
losses as necessary. Repeat the test with additional tramdermal 
drug delivery systems. 

Interpretation-Unless otherwise specified in the individual 
monograph, the requirements are met if the quantities of active 
ingredient released from the system conform to Acceptance Table 

4 The cylinder stirring element is available from Accurate Tool, 
lnc., 25 Diaz St., Stamford, CT 06907, or from Van-Kel In· 
dustries, Inc., 36 Meridian Rd., Edison, NJ ossio. 
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Ofmanslons ar. In centimeters. 

HEAD ROD O·RING 

Sydl!m• A (Diam,f.,-J 8 C Ma.lericil• 0 Ma.terlcil" (not shown) 

1.6 cm2 1.428 0 .9525 0 .4750 SS/VT 30.48 SS/P Pa.rller 2-113 -V884- 75 . 

2.5 cm• 1.778 0.9525 0.4750 SSNT 30.48 SS/ P f'G.rller 2- 016-V884-75 

5cm2 2.6924 0.7620 0.3810 SS/VT 8.890 SS/P Pa.rklr 2-022-Y884- 75 

7cm2 3 . 1750 0 ,7620 0.3810 SSIVT !10.48 SS/P Parker 2 - 124-V884-7!5 

!0cm• 5 .0292 0.6350 0.3505 SS/VT , 1.01 88/t' Parker 2-225-Y884-75 

• Typico.l system aizea. 
~ SS/VT = Elth1r &tainl11c atn1 or virgin Teflon, 

• SS/P • Either atainlus st.el or Plexigl111 • . 

Fig. 3. Reciprocating Disk Sample Holder.6 

4 for transdermal drug delivery systems. Continue ~ting through 
the three levels unless the results conform at either L1 or 4 . 

Apparatus 5-Reciprocatfog Om.-
APPARATUS-The assembly cons.ists of a set. ur volu.oii:tncally 

calibrated or tared solution containers made of glass or other 
suitable inert material,5 a motor and drive assembly to reciprocate 
the system vertica.lly and to i,tdex the system ho)'.izontally to a 
different row of vessels automatically jf desired, and a set of disk­
shaped sample holders (see Fig. 3). The solution containers are 
partially immersed in a suitable water bath of any convenient 
sfae that permits maintaining the temperature inside the con­
tainers at 32 ± 0.5° during the test. No part of the assembly, 
including the environment in which the assembly is placed, con­
tributes significant motion., agitation, or vibration beyond that 
due to the smooth, vertically recif rocating sample holder. Ap­
paratus that permits observation o the system and holder during 
the test is preferable. Use the size container and sample holder 
as specified in th~ individual monograph. 

Disaohldon MediU1- Use the dissolution medium specified in 
the individual mQnograph (sec Dissolution {711)). 

Procedure-Remove the transdermal system from its backing. 
Press the system onto a dry, unused piece of Cuprophan3 or equiv­
al!mt with the adhesive side against the Cuprophan, ta:king care 
to eliminate air bubbles between the Cuprophan and the release 
surface. Attach the system to a suitable size sample holder with 
a suitable 0-ring such that the back of the system is adjacent to 
and centered on the bottom of the sample holder. Trim the excess 
Cuprophan with a sharp blade. Suspend each sample holder from 
a vertically reciprocatmg shaker such that each system is con­
tinuously unmersed in an accurately measured volume of Dis­
solution Medium within a calibrated container pte-equilibrated 
to 32 ± O.S 0

• Reciprocate at a frequency of about 30 cycles per 
minute with an amplitude of about 1.9 cm for the specified time 
in the medium specified for each time point. Perform the analysis 
as directed in the individual mono)U'aph. Repeat the test with 
additional transdennal drug delivery system!l. 

Interpretation-Unless otherwiK specified in the individual 
monograph, the requirements are met if the quantities of active 

5 The materials should not sorb, react with, or interfere with 
the specimen being tested. 

6 The reciprocating disk sample holder may be purchased from 
ALZA C.ofJ?., 950 Page Mill Rd., Palo Alto, CA 94304 or Van-
Kel Industnes, Inc. · · 

ingredient released from the system conform to Acceptance Table 
4 for transdermal drug delivery systems. Continue testing through 
the three levels unle.ss the results oonfonn at either L1 or 4 . 

'(726) ELECTROPHORESIS 
Electrophoresis refers to the migration of electrically charged 

proteios, colloids, molecules, or other particles when dissolved or 
suspended in an electrolyte through which an electric current is 
passed. 

Based upon the type of apparatus used, electrophoretic meth­
ods mar be divided into two categories, one called free solution 
or movmg boundary electrophoresis and the other called zone 
electrophoresis. 

In the free so/11tlon method, a buffered solution of tiroteins in 
a U-iihaped cell is subjected to an electric current which causes 
the eroteins to form a series of layeni in order of decreasing 
mobility, which are separated by boundaries. Only a part of the 
fastest moving protein is physically separated from the other pro­
teins, but examination of the moving boundaries using a schlieren 
optical system provides data for calculation of mobilities and 
information on the qualitative and quantitative composition of 
the protein mixture. 

In zone electroplloresfs, the sample is introduced as a narrow 
zone or spot in a column, slab, or film of buffer. Migration of 
the components as narrow zones permits their complete separa­
tion. Remixing of the separated zones by thermal convection is 
prevented by stabilizing the electrolyte in a porous matrix such 
as a powdered solid, or a fibrous material such as paper, or a gel 
such as st,arch, agar, or polyacryla.m.ide. 

VariOll8 methods of zone electrophoresis are widely employed. 
Gel electrophoresis, particularly the variant called disk electro­
p~oresis, is especially useful for protein separation because of its 
high resolving power. · 

Gel electrophoresis, which is employed by the compendium, is 
discussed in more detail following the presentation of some the­
oretical principles and methodological practices, which are shared 
in varying degrees b_y all electrophoretic methods. 

The electrophoret1c migration observed for particles of a par­
ticular substance depends on characteristics of the particle,/ri­
marily its electrical charge, its size or molecular weight, an its 
shape, as well as characteristics and operating parameters of the 
system. These latter include the pH, ionic strength, viscosity and 
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temecratu.re of the electrolyte, density or cross-linking of any 
stabilizing matrix such as gel, and the voltage gradient employed. 

Effect of charge, particle size, electrolyte viscosity, and volt­
age gradient-Electrically charged particles migrate toward the 
electrode of opposite charge. and molecules with both positive 
and negative charges move in a direction dependent on the net 
charge. The rate of migration is directly related to the magnitude 
of the net charge on the particle and ts inversely related to the 
size of the particle, which in turn is directly related to its mo-
lecular weight. · · · · 

Very large spherical particles, for which Stokes' law is valid, 
exhibit an electrophoretic mobility, Uo, which is inversely related 
to the first power of the r-<1.dius as depicted in the equation 

u- E_=--_Q_ 
o E 61frr{ 

where v is the velocity of the particle, E is the voltage iradient 
imposed on the electroly~, Q is the charge on the particle, r is 
the particle radius, and T/ is the viscosity of the electrolyte. This 
idealized expression is strictly valid only at infinite dilution and 
in the absence of a stabilizjng matri.x.such as paper or a gel. 

Ions, and peptides up to molecular weights of at least 5000, 
particularly in the 1:resence of stabilizing media, do not obey 
Stokes' law, and their electrophoretic behavior is best described 
by an e<J.Uation of the type 

_ _Q__ 
"<> - A1r,¼ 

where A is a shape factor generally in the range of 4 to 6, which 
shows an inverse dependence of the mobility on the square of the 
radius. In terms of molecular weight, this implies an inverse 
dependence of mobility on the ¾ power of the molecular weight. 

Effect of pH- Thedir~tion and rate of migration of molecules 
containing a variety of ioniza bJe functional groups, such as amino 
A.drl., ,tnd proteins, depends upon the pH of the electroiyte. For 
instance, the mobility of a s1D1ple amino acid such as glycine 
varies with pH approximately as shown in Figure I. Tlie pK,, 
values of 2.2 and 9.9 coincide with the inflection points of the 
sigmoid portions of the plot. Sim:e the respective functional groups 
are 50% ionized at the pH values where pH = pKa,, the eleetro­
phoretic mobilities at these points are half of the value observed 
for the fully ionized cation and anion obtained at very low and 
very high pH, respectively. The zwitterion that exists at the 
intermediate pH range is electrically neutral and has zero mo-
bility. . ; . · · 

3 
pH 

Fig. 1. 

7 9 

. . . 

11 

Effect of ionic strength and temperature-.:Etectrophoretic mo­
bility decreases with increasing ionic strength of the supporting 
eh:ctrolyte. Ionic strength, µ, is defined as 

µ ~ 0.5U:iZf • 

where C, is the concentration of an ion in moles per liter and Z1 
is its valence, and the sum is calculated for all ions in the solution. 
For buffen in which both the anion and cation: are univalent, 
ionic strength is identfoal with molarity. · 

USP XXII 

Ionic strengths of electrolytes employed in electrophoresis com­
monly range from about 0.01 to 0.10. A suitable strength is 
somewhat dependent on the sample composition, since the buffer 
capacity must be great enough to maintain. a constant pH over 
the area of the component zones. Zones become sharper or more 
compact as ionic strength is increased. 

Temperature affects mobility indirectly. since the viscosity, 11, 
of the supporting electrolyte is temperature-dependent. The vis­
cosity of water decreases at a rate of about 3% per °C in the 
range of 0° to 5° and at a slightly lower rate in the vicinity of 
room temperature. Mobility, therefore, increases with increasing 
electrolyte temperature. 

Considerable heat is evolved as a result of current passing 
through the supportin; electrolyte. This heat increases with the 
applied voltage and with increasing ionic strength. Particularly 

· in larger apparatus, despite the circulation of a coolant, this heat 
produces a temperature gradi~nt across the bed which may lead 
to distortion of the separated zones. Therefore, practical consid­
erations and the design of the particular apparatus dictate the 
choice of ionic strength and operating voltage. 

Effect of a stabilizing medium, electroosmosis-When an 
electrical current is passed through an electrolyte contained in a 
glass tube or contained between plates of glass or plastic, a bulk 
flow of the electrolyte. toward one of the electrodes is observed. 
This flow is called electroosmosis. It results from the surface 
charge on the walls of the apparatus, which arises either from 
ionizable functional groups foheteJJt in the structural material or 
from ions adsorbed on the cell walls from the electrolyte co~ 
tacting them. The effect is usually increased when the cell is 
tilled with a bed of porous substance, such as a gel, used to 
stabilize the supporting electrolyte and prevent remixing of seJ>­
arated zones by thermal convection or diffusion. The solution 
immediately ;tdja~t to the surface builds up an electrical charge, 
e<J.Ual but ppposite to the surface charge, and the electrical field 
traversing the cell produces a movement of solution toward the 
electrode .of ooposite charge., . . · , . · 

The substances commonly. used as stabilizing media in .zone 
.electrophoresis develop a negative surface charge, and therefore 
electroosmotic flow of the electrolyte is toward the cathode. As 
a result, all zones, including neutral substances, are earned to­
ward the cathode during the electrophoretic run. · .· 

The degree orelectroosmo.sis Qbserved varies with the stabiliz­
jng substance. It is appreciable with agar ge1, while it is negligibly 
smaU with potxacrylamide gel. . . 
• · Molecular .rieving--ln the absence of a stabi]jzing medium or 
in cases where the medium is very porous, electrophorctic see• 
aration of molecules results from differences in the ratio of thetr 
electrical charge to their size. In tbe presence of .a stabilizing 
medium, differences in adsorptive or other affinity of molecules 
for the medium introdu.ccs a chromatographic effect that may 
enhance the separation. . · . 
· If the stabilizing mediµm is a highly cross-linked gel such that 
the size of the resultant pores is of the order of the .dimensions 
of the molecules befog separated, a molecular sieving effect is 
obtained .. This effect is analogous to that obtained in separations 
based·ori gel permeation or molecular exclusion chromatography, 
but in gel el~rophoresis the effect is superimposed on the elec,. 
trophoretic separation. Molecular sieving may be visualized to 
result from a steric barrier to the passage of larger molecul~. 
Small molecules pass through pores· of a wide size range, and 
therefore their electropboretic passage through the gel will not 
be impeded. As size i~creases, few~r pores will ~it passage 
of the molecules, causmg a retardation of the m1grat1on of sub-
stances or large molecular weight · 

Gel Electrophoresis 
Processes employing a iel such as agar, starch, or .oolvacrvl· 

amide as a stabiliiing medium are broadly termed gel electro­
phoresis. Th.c method is particularly advantageous for protein 
separaµons. The separation obtained depends upon the electrical 
charge to size ratio coupled with a molecular sieving effect de­
pendent primarily on the molecular weight. . 

Polyacrylamide gel has several advanUtges that account for its 
extensive use. It has minimal adsorptive properties and produces 
.a negligible electroosmotic effect. Gels of a wide range of pore 
size can be reproducibly prepared by varying the total gel .con­
centration (based on monomer plus cross•linking agent) and the 
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percentage of cross-linking agent used to form the gel. These 
quantities are conveniently expressed as 

T(%) ... a + b 100, 
. . V . 

b 
C(%) = a + b 100, 

where 7' is the total gel concentration in %, C is the percentage 
of cr<m-linkin8 agent used to prepare the gel, V is the volume, 
in mL,. of buffer used in preparing the gel, and a and b are the 
weights, in g, of monomer (acrylamide) and cross-linking agent 
(usually N,N'-methylenebisacrylamide) used to prepare the get 
Satisfactory gels ranging in concentration (7) from about .3% to 
30% have been prepared. The amount of cross-linking agent is 
u.~ually about one-tenth to one-twentieth of the quantity of mono­
mer ( C = 10% to 5% ), a smaller percentage being u.sed for higher 
values of T. . . 

In the preparation of the gel, the bed of the electrophoresis 
apparatus is filled with an aqueous solution of monomer and cr~­
linking agent, usually buffered to the pH desired in the later run, 
and polymerized in place by a free radical process. Polymeri­
zation may be initiated by a chemical process, frequently using 
ammonium persulfate plus N ,N ,N' ,N'-tetramethylenediamine or 
photochemically using a mixture of riboflavin and N ,N,N' ,N'­
tetrametbylenediamine. Polymerization is inhibited by molecular 
oxygen . and by , acidic conditions. The geJ composition • and 
p9lymerization conditions chosen must be adhered to rigorously 
to ensure reproducible qualities of the gel. 

Apparatus fOI' Gel Electrophoresi&-In general, the bed or me­
dium in which ehx:trophoresis is carried out may be supported 
horizontally or: vertically; depending upon the design of the ap­
paratus. A series of separations to be compared may also be 
carried out in several individual .tubes or by placing different 
samples in adjacent wells, cast or cut into a single slab of gel. 
A. verticai siab assembly sucj1 a~ i:.uat depicted schematically ir. 
Figure 2 is convenient for direct comparison of several samples. 
A particular advantage derives from the comparison of the sam­
ples in a single bed of gel which is likely to be more uniform in 
composition than gels _cast in a series of chambers. 

1,:r~-----~~--upper buffer 
reservoir and 
t11Bctrode 

END V.IEW SIDE V1EW 

sample wells 

gel slab hsld 
tutwBBn two glass 
plates Hparatlld 

· by spacers 

Fig. 2. Vertical Slab Gel Electrophoresis Apparatus. 

A feature or many types of appaflltUS, not iJlustratcd in the 
schematic view, seals the lower buffer chamber to the base of 
tbe bed and allows the level of the buffer in the lower chamber 
to be inade equal to that in the upper chamber, thereby elinn­
natlng hydrostatic pressure on the gel. In addition, ~me units 
provide for the circulation of coolant on one or both sides of tpe 
gel bed, . . 

In the preparation of the gel, the base of the gel chamber is 
closed with a suitable device and the unit is filled with the solution 
of monomer, cross-linking agent, and catalyst. A comb, having 
teeth of an appropriate size, is inserted in the top, and polymer­
ization is allowed to proceed to campletion. Removal of the comb 
leaves a series of sample wells in the polymeri7..ed gel. 

In simple gel electrophoresis, an identical buffer is used to Jill 
the upper and lower buffer chambers as well as in the solution 
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used to prepare the gel. After filling the chambers, the samples, 
dissolved in sucrose or other dense and somewhat viscous solution 
to prevent diffusion, are introduced with a syringe or micropipet 
into the bottoms of the sample wells, and the electrophoresis is 
begun immediately thereafter. · 

DISK ELECTROPHORESIS 
An important variant of polyacrylamide gel electrophoresis, 

which employs a discontinuous series of buffers and often also a 
discontinuous series of gel layers, is called disk electrophoresis. 
The name is derived from the discoid shape of the very narrow 
zones that result from the technique. As a result of the narrow 
zones P.roduced, this technique exhibits an extremely high re> 
solving power and is to be recommended for the .characterization 
of protein mixtures and for the detection of contaminants that 
may have mobilities close to that of the major component. 

The basis of disk electrophoresis is outlined in the following 
paragraphs with reference to an anionic system suitable for sep· 
arating proteins bearing a net negative charge. To understand 
disk electrophoresis, it is essential to have a kilowl~ge of the 
general aspects of electrophoresis and the apparatus already .de-
scribed. · . 

Basis of Disk Electrophoresis--The hjgh rcsoluiion obtained 
in disk electrophoresis depends on the use of a buffer system that 
is discontinuous with respect to both pH and composition. This 
is usually combined with a discontinuous series of two or three 
gels that differ in density. 

A typical system is illustrated schematicaJly in Figure 3. 

Glycinate 
(3% neg. charge} 

Chloride 
Ion 

Ss.ctfon 

uppe< buffer reservoir 

s<11'1iple gel 

·-< spacer o. sto.cking gel 

separating o.r n1nning gel 

. . Glycinat~ . - lower buffer reservoir 
(3%.neo.chargel 

Density pH 

8.3 

low 6.7 

tow 6 .7 

high 8.9 

8.3 

Fig~ 3. Terminology, Buffer pH, and Buffer Compooition for 
· Acrylamide Gel Disk Electrophoresis. · 

A high density (T = 10% to 30%) separating gel several cen­
timeters high is polymerized in: a tns-cbloride buffer in the bed 
of tbe apparatus. During polymerization the buffer 1s overlayercd 
with a thin layer of water to prevent fixation of a meniscus in 
the top of the geL The overlayer of water is then removed and 
a thin layer, 3 mm to 10 mm thick; of low density (T = 3%) gel, 
called the spacer or stacking gel, is polymerized m a tris-chloride 
buffer on top of the separating gel. An overlayer of water is again 
used to ensure a flat surface. The sample is mixed witli a small 
amount of the spacer gel monomer solution which is applied on 
top of the spacer gel and allowed to polymerize. The pH of the 
separating gel is typically 8.9, while that of the spacer and sample 
gels is 6.7. All three gels are prepared using chloride as the anion. 

The upper and lower buffer reservoirs are filled with a pH 8.3 
buffer prepared from tris and glycine. At this pH about 3% of 
the glycine molecules bear a net negative .:harge. 

When !l voltage is applied across the system, the glycinate­
chloride interface moves downward toward the anode. It was 
initially positioned at the junction of the buffer in the upper 
reservoir and the top of the sample gel layer. The chloride anion, 
by virtue of its small size, migrates faster than any or the proteins 
present in the sample. The pH of lh~ sam~le and spacer layers 
was chosen to be about 3 units below the higher pK., of glycine. 
Therefore, in traversing these layers, only about O. l % of the gly­
cine molecules bear a net negative charge. Consequently, glycine 
migrates more slowly than chloride. · The tendency for the faster­
moving chloride to move away from glycinate lowers the oon-
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