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1.1 Li.

H mill-tum

I III! 
Stuichiomelry

Antnine Lamieier {Seetien 1.1} was amnng the first te eh'aw eeneiusiens
aheut ehernieat preeesses Frem earefel. quantitative ehsecrtratiens. His
werit laid the basis fer the law ul'eensewatien efmaan. nzrtl: ef the must

fundamental laws et' chemistry- In this chapter, we will ennside: maes-

praetiea] prehiems based en the lawr e!" enneerua Lien ei etaee. Theee preh-
iems invelve the quantitative. reiatienships between an hsLauees undm'ger
tag eitemieal ehanges. The study ef' these quantitative relatienships is
hum-urn as» militiamen}.- {prnnnuneed sttfly-hey-flHM-Lth-tree], a WEIR]
derived Fret-In the Greek wertis Hall-them {“elemmt1"]l and restrain

("me-stem?" .

Studies. [if muntleaa chemical reactinns have shewn that the Letnl mass at

all substances present after a ellemieai teaetien is the same at! the trite]
mass hefilre the neaetien. This ehsenrratien is emhedieri in the il'h' at

mafia: H mm: Then: an: nrs deterfltfls Ehfll'igtfi it: mass in any

ehemieal reaetien.‘ Mere preeiseljr. atoms are neither {tested not e’tshszd'
aisrrrzg e: there-sets! rsaett'ea; instead. they merelyr ettehange partners er he-
cum: ntherwise rearranged. 'l'he shnpiieity with whieh this iaw eats he
atattajl ahtmlt'i net meek its significance. fits with many DthEJ' seiecntifie
huts, this. law has impiieatirme fa: hejmnt'i the walls at the scientific

iaheratery.
The law ef eenservatien of mass reminds LIE that we really.r can’t threw

anything away- it's-re discharge wastes. iute a iaite te get rid ef them, they
are diluted and seem Le disappear- Hewever, they ate part at" the envi-

‘111 Chapter 19. we will deluxe the relatiumhip between Intel: and. merm- IIIJIIIIrIsItI'ieetl leg.- the
equatinnfi = MI: (Eh energy.“ it "tanned rial the speed tel-tight} 1I-"urevt-iii fl'lllj rhfiT wheneue- an
ethic-11m energy it lenses tun-ea. and t'l'iflitllt'l'n' iI gain! were? it glint. Ieaes. Them changes in mass
sen: tee- email Lu. deteet m. chemical tearxieres. Hewett-1. fee Intel-tar J'-.-.:|rtlin:tr.tlI such at 111m: il't'ttt'lhtflt
in. p nuclear meter er in a. h-reimgen 'I1r.t11:|l'uI the energy ehnmgen are tenet-menus” larger; in HIE!
remnant; there an: theta-.uhle flanges in man.
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remnant. They- may undergo ehentieai ehangea t'I-T remain inactive; they

may reappear as testis eentantinants in fish at in I.sater supplies at lie en
the hetterrt nnnntteed. Wllfl Lever their I'atesJ the atmns are net destmyeti.

The law e-f eenseruatitJ-n ef mass suggests that we are mnuertem: nut

ennsurnets- ln drawing upon nature’s stereheuse ef iren are te hqu the

myriad. iten—etmtaining abject: used in IttUtlEJ‘t] satiety, we are [Hill redne-
ing the numb-er nf irmt stems nn the planet. We may, hmmrer, he tarn-
vet-ting the irnu in less: tt'se’i‘uiJ less avaiiahie farms Tram whieh it will nnl
he practieal tn reeuset- it later. Fer example, eensitler the inilliens elf eld

washing machines that lie buried in dumps. Di L'uurae, if we Expflttl
ennugh energy1 we can bring nii' almtist any Chemical eenvet‘siens we
ehense. We have learned in meant 1nears, hammer, that energy itself is a

limited :eenuree. Whether we like it m' net, we must learn in ennssrw'. all

nur energy.r and inatet‘lal. teaeuiees.

1.! Ell—Ell. We have seen [in Seetiens 2.2 anti 2.8} that ehemieai substances earl he

”I.“ represented by symhnla and film: ulna. 'l'lleae chemical symhelis and fin-1'-
niulas east he eemhined ten Farm a kind nf statement. called a rhemiell

equafiun. that represents er tieseribes a ehemieai teaetien. Far essmrfle,
the eemhustien nt' rthn-n invulves .':L rear; Liun with untrgtstt [02} in the air

Le fun-n gaseeus eel-hen diexide {12109. This reaetit'tn is represented as

e+e1u —. en3 [in

We read the + sign tn mean “regent with" sent] the arrow as "prudufles."
Garb-m1 and mygen are reFen‘er] th- as rmand estrhun Liitutide as the
Pristine: til the 1'eaetien.

It is important ten keep in mind that a. ehemiesLi equatinn is El. deserip—
Linu ni‘a ehemieal timeless. Heme seat can write a enmpictr. equatinn Tau
must knew what happens in the reaetien er he prepared te prettier the

predu ens. In this sense, a eltemieal equatien has qualitative signifieanee;
it identifies the reactants anti pie-duets in a ehemieal presets. In arith-
firm, a ehemieal equatieu is a quantitative statement; it must be eet‘nsis-
tent with the tat-tr ni' ennsservsttitm trF rnttSs. 'l'hit: means U131 the equatien

must eentain equal numbers ni' each type nF atnn't {"1 each side ut— the
equatieu. WIJ'EI]. this eendititm is met the equatinn is said tn bl: binned.
Fnr exampie, EquatitJ-t: 3.] is hala’neeei heeattse there are equal numbers

ed" earhen and essgen atnms nn eaeh side.
11 slightly mute eempiieatet] sitttatien is enenuntered wists: methane

(Film, the principal eetnpeitent 01" natural gas: burns and pmduees ea:—
h-nn dinxtde {[24:31} anti water [1-1213]. The eenmhttstien is "sit Ftp-erred his"
nsygen {Du}, meaning that esteem is invelt'etl as areaetsm. The unbal—

aneeti equatien is

(EH; + t}: —s ttt’tE + 1-1sz [PI-2|

The reaetants ate sltewn tn the ieEt ef the arrow, the laminate tn the
right. Nntiee that the reaetants and pie-duets heath eentain ene earhan
atem. Flt:|-1.-I.-'t:-.1.re1':I the reactants taintain mere itytirugen atettts {FD-Lil'j than.

the phi-duets [tum]. if we place a tame Hieient 2 in [rent Dill—12D: indieathtg

3.2 BH'EHHEAL EQUATION *-
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F—

lannatinn cf twe melt-cults et' waterr there will he fear hydregena en
each side at me equatien:

cit, + t1E —!t ece + stifle Ilsa]

Eel'cre we centinue te balance this eclectic-n, let‘s make sure that we
clearly understand flae distineLien between a eeelficient in Frent at" a
Fern-Lula and a subscript in a lennula. Refer tn Figure 3.1. Netice that
changing a suhecript in a lisrmttla. such as item H312} tc Hafiz. changes
the identityel' the chemical iswclved- The substance H.203, hydmgen

DIlILiE1 is quite difi'etent lien-l water- Ilia summits in at: chens'salfmc-
'las meals! Helm“ in: sfimgsi ia sen-asst; an aquarium. [in the ether hanelJ plac-
ing aeccffieient in front cfa l'etmula merely changes: the anteunt and net
the identity cf the substance; EHED means twc maleeules ct' watt-I.
31-130 means tluee rnnh:e1.11es of water. and se farth. New let’s etaltimle
balancing Equaticn 3.3. There are equal nun-theta cf cal-hen and hydra-
gen atcms en heth sidtn cf this equatien; hewvevcr, there are mere caygen
atclnts atneng the precincts {fear} that: ameng the reactants (twin). if we
place a ecefiicient ‘2 in ll'crlt ell-CiE there will he equal numbers ef exygen
atcma en hcth sides at the equatlen'.

CH1 + 111:13 —s IEICI2 + 'sI-Igfl 13.41]

The aquatic-11 is: new balanced. There are that camera aterna, I'ettt h}“Li.1.'II:I- .
gen ate-ms, and ene carbon atern ca each aide cf the equatinn. The-
halancecl equaticn is shewn schematically in Figure 3.2.

New, let’s leclt at a slightly- mere eelnplieated example, analysing
stepwise what we are titling as we balance the equaticn. flcmhusticn ci
netanc {Gal-I13}, a ecmpcnent ei' gasaline, pmdueaa El 1E and. HEEL The
halancetl chemical equaticn far this reactien can be detenninecl by using,r
the fellewing Fettr stcpe.

first, the reactants and ptcrlucts are written in the unbalanced equa-
.__d.|.

tlen

Befcre a chemical equatiee can be written the identities at the reactants
and pmdttcts must be determined. In the present example this hire-Ima-
ticn was given Le us in the trerhal deseriptien cf the reacticn.

[filrrmlfll
syn'd'ID-l Hurling Unmpeaililm

.I" —"~ .lf— — '1. .1" — ' " —'v.

H2“ Biliartcuiilmk q 'l‘I-r-n H atnsru amt met] amen
Hm lt'l llltuitratlcun cf the difference in

meaning between a subscript III a alien-Heal [ct— 'n'Hs-fl' T.” mlwdfl g z Tumult”. and ”Dunn“

  

mttla and a eeeH-iciutl in Press! ui Litre Ferrrmla. "i “1"”-
Nntiee that the number ai ate-m: LIE each type

(listed I.I1'It'i-Er lacing-mince] is. ehtnined by mtllti- GM ”Infill:Flying the eufliieifl'lt alt-Li tilt: subeu'ifl'l asaeei- Hafiz uE hydrate 3 The El alarm uul tare-41:11:11":
anal with each element in the I'm-trials. Pmfi'h':

II a BTW rm
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