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Exampb: Whot moas of CO o reguinad fo eact usih, 614 gof fes0s 7

Fe 03 + L0 = JFe + 300,

-bm%, g
plan of achon ¢ 9 Fe,Os %V mokes Fe, O (%W\c%w CO -F% :l CO
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® 2g (D= Flx ISt = 32.5C0 | L
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Exampl:  What mass of F€,0s reackd with exevss U0 i fle (0,

; . 3 A : . ) -
Srotluced by T reochun, bao oo of 586 g ¢
produced by Tre e chon how o nops o £ 86 g- W 0O,
It - ; > — N C !:‘:2-
[e;C5 + 3CO — dle + 30, C o
Tg eXCLas 5.26 ¢ ¢ le
g g GO HA

Cowerbion + s e FW of COp #gmk o 3x #ghd © 4]
FW does NET depeind on the ste chuaretuc m«#ue,«f
stogch.
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Rereort Yteld from Chemical Reactione.

Mamy eactve o reol b':f% do AOT go fo Ccrw\p[tﬁm)i.c reackamts auk
not Qmmple‘felﬂ %amsﬁmgd mbo The desired P»ocludz . There one of Yoost
2 reasons ﬁr Hs !

(1 reoctonts did net react &d'szLT To q(»&u ‘the produch .
(@) reactomts dd read 100% butformed u,vxduzmb(q'onducB
b\d “gide reachons " os well ao The wamkd Fmdudi

Ri + Ry = P (desived )
~> Py sidetracha. — l/)cqu)em oﬁ"m

theowticol Yicld : assume R 1Ra > B 100% complefion
actding to sjro(d/\témsbhf

| - ochul giell of prduct
pereent yeld = ﬁmdwo{ prodact

X |00
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% g'!e’d Problem Pypes: (1) wlondade % L/'ICU‘ '
(2) coleulaty actol yield, given % yiekl « reactont
more. dlﬁ:(mu (3) coleuldte amount of ractart neessory fo
9lves o cerfain amT. o{Fmdud‘ /Qmoww? Do ym/d.

Example:  Coleutole the Dotjeld of Fe if o 10.0g S e of
Fe,0s teackd wth excons CO o Producsx 9.6l g ofmF\eP

Fe,05 + 3CO = 2R + 3CO,
10.04 R0 5.61'3

actuol yield
we Rnoo Do lj\e,ld= Tkecwhjlchu,\d X )00

(1) Find ‘H\emﬁ(’,oﬂq'mid of Fe (do sﬁzmqh‘ﬁuﬁmd Stotch . Prc(o@»)

Plan: 9 Fe, 05 = ek Fe, 05 — mob Fe — 9 Fe,

lmaR Fe, 03 . 2 mR Fe ; 5"57?59. Fe.
|5C?-:fa Fe,03 [ R Fe,05 I met, e

78 Fef 30% Fe,05 *
= |,h.99 q |
%——‘Bt only 5.bl g of Fe wer ondu&d}.’. |
' ' /wb\ai'wtadtwﬂ ?0*' .
@) % yeld = —%(lﬁ = 100
. < whet we showld owe pvod,uucd '
= 80,3?0

So, inThis md‘iz/y\,, wCEx:md&d‘foW\aha (9999 o'f’Fe) but we anly
onduuz_d 50.3% of“}’f\oJCumoxm\T . S,blgof Fe.

Ex%‘;&g ! _ULS‘ —the some re,cxc/'h.ﬁ\,, hewo mamy ?/lovw\o of' Felos
ore d Jo produe 10-0 gof Fe anoUming a. pereerd (jeld of
¥S.0 % ¢ €509,

Fe,03 + 3CO — 2 fe + 3CO,

?8 e KCR0s J0.0g



H-H

 Plan: () Glelote Theawhol Yield finm mossof Fe and % yield
@) Using Thenchcal yield, coleula mans of Fey05.
g = mot — mol =g

(1) b bnno Bugield = S X100
: . ctuol 0O
So) ‘ﬁ’\em:hcgh Lf\gzlda = %/O—q@d x 100 = g@——'s‘o%a)ox 100 = H~88 F%,

.. Imk Fe. ' mot Fez05 1507
2 - Z 2
() * 8 FelOS— ll(];ga Fe x 55'%.8 Fe ¥ T mek Fe_a X Tk oG
| = b g

So Witk ~thi reachion. with a L,’w,ld o} §8:0% , yow need e Fe; O
Tﬁa/nym/b would Think to make 10.0g of e.

The LJW»qu chiomd Coreapt

Up wililk now, we hawe hod exther stoichiometic. amounts of ractars ov
we were fold which reactant weo inexcoss 7

But how do we decide, which , if omy, of The reactands 1§ Ihexcons and
wk;ﬁ; !r?'eadm\i N [imiting €. me‘u)fb/;g how nwuch )Diodm’r W Cam
m .

EXM\\P[D.-’ NON-CHEMICAL

Suppose we howe 78 bolfs ) 11 woshers , 99 ruds . How mony SIS,
each Ccmmsﬁ/i\ci of | boH) 2 waokers and | nut, cam we cnsbwct 2

Eabmodrim! 1 bolt + & woohers + | put — ) set
| 79 2 Q9
56 poars
of woshexs
S we com only pud Jotcther 56 fohl &3
the number of Washers limued The mumben of SR we cam
s Washers is fhe fumdund eactasd ! moke



Examplo:  CHE MICAL

SWpox we howe 6.0 mel O{CSJ ard 6.0 v of Oy wn OUN Covipumen
How mudh. SOy and CO, can we nake © |

‘ CSQ_"’ SOQ_—_%QSOQ_-"- CO_IL |
ol  6.0m?  6.0me Ol Ot

Now yow houe to vnake a chow . s CS, ch?‘fo be uaed upﬁ/wf‘m W
On? " el moke am anbiharg docwen. — CSp il be uaed up fout
cnd (& number of meteo (ol g0 Yo .

CSQ_ t+ 309_ -2 QSO;\* C()Q_

C}\ON\?Q —6.0rd. — [SOmdl
fl”  Owet [Z120 ]
\MPO.SSL

' So, CSg cannet be te Aumihig veactond; On inut be it |

From the beq rm\i/r?,

| (S, + 30— A50, + COu St
ntal  60md  60md O Owme? relade) o e
d\cw\cie —O'Z.Q ol —0.0med ‘-(/(.Omo(? + Q\,‘O mod Swmc
5 (00 2loond)  Hloond)
W HOwd O AOmd 20 mwd
SYCTE ' |
reackort

~ Now lefs do ansffon Pmb&m!
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ExampV&

What is The maximum, maso of sulfur dioxide, SOz, that
con be produced by The Veqcﬁom of Wbg of combm diswlfide, C,,
toithe | 19 of oxygen OL

CS, + 30, — 430, + Co

Guen:  95.b A Notw: the MW of O is 320 Finel

MW 6,13 4t 320 3ol Do Nom e 2 e Rematic, eselliionds
‘when deRumuning MW.

Skp(D decde tohich, reactandt is Lvmd v

rg - MUST wek i medes .!,‘
“dofoumine, fumber o{j moles of e,adl\ veactond

mobey CS, = sz % 13 sl = 1.2l mol
g
VV\G‘QQO O;L = —b%/\-J = 32.0 ?/N( = 3,({? h\.O’

et wo assume fhat CS; s limdwg  (S0/50 chane)

fhis meano  That CS; is ol woed wp in The Ifeaf;ﬁ(‘/y\ramc{ Oy 15 exces
“dowe up all CSy we need ot loost 3% L2Abmed = 3.78 mebll

But we only have 347 mdes of Op & O muot be fimibing
(CS;L S n excens )

H¥ Mahemakially , Heafre, to ddvmine the fumiting reogent
H

mows —  moleao

(2) dwvid The rumben of melos by stochuometuc coefliint
CS,: lab =+ 1 = 126

g ‘tf\us is o
Op: 343=3 = [l :?Z%MT&S
G:’Q MV‘QO&*OW\% W\ﬁ\, JrﬂQ Sidleot numben S oeasmher <

The Jumading veagort and conhiola o much.

'ondud‘ IS “E)‘Wv\tﬂ eq O&M\'ﬁ\m QJKCW\P\Q,
Al He other reactamts aw in excoss and can be

Lgnove,d.

Al coleulohonoe ore based on The amound of tHhe ﬁwm)‘m\? VGW.}



LGB, + 30, > 9S0,+ Coy
ANC00 3HFimod

Skp@ do ﬁ\ﬂ,PVob[Qm Me_ Cmyé#\q/\, S{moklomeh& P&olobn\
Plan: mot Oy = andes SO, —= g S0,

? molto SO = BH7 metio On x 52X 208+ 93) pof,

3

* Himd - L\D-QQLUW%SMY\OQ.OMDD-‘j&-A ‘deQudg_thﬁQl@fuw %0’2 a
7 g SO = 2.3Imebs SO % b1 ik = 18q Sn

NS (Ohat o inThe Confaimes Lolen The lﬂi(l(‘j‘in\go e S0y, (0, ,CS,
How W\ud\offfeﬁxcw reactand maimo < in wolys 7 /}\W?
?M CSa bl,:‘\ed’lu.f)= BHE mol Oy X ;T:i{icgi = 1.1 mob
Pk CSp emaims = b mk = L1b el = O. 10 mek
stanturg erdug
7 % CSa romaima = O.1D med x 7@,!35/we: 6 8CS;

Anclysu of Midues :

A samplo. of Lumestone amd other Sal mabaisly 1o haakd, and e
Rirrestone decomposes Fo c]we colevwme oxide. ard caurbon dioxide,

ColO300 22 CaO@s) + 202(9)

A I-S-O(oa so/mpﬁl of Luraestore - Com‘awm? material c]weo O,Ssga
of COx inaddefim +o (0.0 affen bevrg headed! o a Jw{% WQW_
- (Ohat u e Maw puert of (600z 1 ‘fﬁeou%w\oflé“wb_?

% (L0

Plom:. qC0y = mel CO; = mod a0y — g (C0; —
3 d Sample
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‘ el 00y Limgd CalO, 100,
~ - x (*3 X '3 49
¢ q GalO; insample = 0.558 (0, H»{.oaco.;L el (07 1 ol CalO3

= LQ73
oo % CaCO_; N SO/W\PlQ, = &Oﬁf‘ x 100
bg mod g v
[&7 % CC\COQ, x |0
.50b 9 sample ©
= $H.39 bk, Yraws
Corcoudhotions of Sohtions

soluflon @ [/\ovm?ﬁ/v\mw muxtume of & or maw subsfances

A soludon. 15 composed of Huso pacts: \
(1) solite : dissoled substonen  (sulastames. in fesser amownt)
(2) selyert: disscr&sw\q subsfanee (substanea in mew)

E)(a/mp(n! NQCQ (a%) SO[MJ{IY\O{ Nall i~ poskr, HO
Sola‘,b_; golge,vd'

: amound of solidi
Concorfzahne = Tass or volire, of soluTion,

rebbure. ¢ dibide soludim. © simeld amound o -Solide. n [(,U\?,Q cmound s o erd

rms Concorctzoded Sductian. Ia/\&e amownt of olode” in Soluest

‘We will discmas L comeerdrahin tnils
(1) percont by mans
(Q’c? @Cﬂ\ﬁwe wih Jo bt/ mw»ofzﬁo,wwi I CUWPM)

2) Mo
(3) ppm () ermdlion ) — s |ab
W@gﬂmm
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f. Percent by mows ¢

moso soludz
% solld = “ans solution. 100

. moos soluda
~ mass of solde + Mmans of soluerl * 100

Nele : i fhe %wwﬁ'om says the solufion. is agueous or does not specify
e solvent, he sdvent i water, HzO.

Example :  Calleulotte The mass of potrasuum. witratz, KNOs  requined fo
prepone. 50,0 9 of Solution. That s 20.0% KNOs by mans.
Whot is The maes of wokr in The Soludfion, ¢

g KNGg

(0 7o by mamw = 9 solukon

NO

250, 0 a

¥ J0O

A0.0%

0% x 2500
g KNG, = QOOTOO d

= 50'09

(b)  mass o-f soluwhion, = Mows of KNO; + maas Hy0
maas HyO = mos of soluchon, — raso of KNO;
2A50.0 — 50.0(}

fl

Bomgo: Whet volume of 240 % lead @) nihaile, PH(NOs), solufion

confoins  #00q of Pb(NOs), 7 The density of fhe sobution is .25 9/mL.

ng 1 % by maLs = (%SO( : = x 10O : igg_‘- D(m} = gﬁ
#ml = T4
o HO.O D
W.O%= = %100 SCIN
ot sdudion, = 4909 00 A5 g

= |LhF a

oty = 134 nl
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. Mo\m;g :
_ moles sollte _ mo | mmo‘)
molarity (M) = Tlikns of soliction. wnds s ("ET) or (AL

(Shews—Fre23-2 © prepauadion of o solution)

Example: Codewldte the mass of ammoniwm sulfife , (NHy), SOy, regungd
bprtpome, 100. mL o 0.300 M (NHy)g SOy Solution

mo # moley
M(E¥) = S
Plan: M, #L > molws 2 g

S\‘?/p@ #Fmdw = M x #L
03001 x 0,100 L

= O. 0300 mol
#*q
simee MW = # noles

S*Cp@ *q = # by x MW
= 0.0300 peb x 13213 war

= 3.96 9
E;o/mg\o,: The speedic qrooity of commerciad hdue acd s MY and E s

TOMH % HNOg by moss.  Caleldle, The molawdty of HNOz.

Asswme e hawe 1004 of seluhion. , therefre He selutton, contauns ?O.L!?HNQ—.

0:9 w
m:&rmobw HNO;

. fods ‘ 204 g HNO3 —
- ConenaXion 1S |00 q soluchen 7o # L soldhen
P

Plom : change nuwmbrador (Q-> moles) ; drm\%z denominador C%—""‘H—)

fhen dioidy, smee M= Ende
Vi
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g HNO3 0.4 9
numerotor: moles HNOy = MW 63.00 Yl = |1 moles

Esohdiov\ lOO.a B
denominador : mh. sclufion, = spon. or desity T 144 %l = 94 mL

| L
#* | souhe, = 694 ml ¥ JooomL = 0.0L94 |

#’h‘\ol _ HSZ mol
<M= BT o0bd4l T b M

Exomple:  What volume of 15.0 M HySOq , swfwic acd, s reguined o -
prepone A.COL of [40M  HySOy?

Tis is oo DILWTION problem, in which, o. soluaon. is mode fess eancenhated
by odding wmore solvent (in Thio cane, Ha0).

n o diuhion Prob(wm, The number of mobw of solute before dulucin. equolo
the nwmber of meduo of sohife, affer ddution., snee ol we ong odding is Solver

(Ha0)

Fmolo e = #mols oge v = Hmelo
#

Mbﬂ{ﬂmx #Lbeﬁm = M&ﬁ‘..&x #Laﬁ&h.. “ el = M ox#FL
or more cfe/pw\am_{ Mbt{om \/bquu: M of it \/aﬁ% Lol v;;nl;;éw{:\e,

EOM xyY = [H0 M *x 200L
VV = O.86 L o 156 mb

Storchiometiy and  Soluhons

In stoichemdue calawdations, we must wak in medw of substanca.
Up until now, our substances ceudd ke wu&)hd out on o belonee
b?zjmaﬁoj Then we converkd movw(;z)—}@ molw
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We now have anothn woy o handl substunces i the laboatory - |
sdudions. foere_ﬁre i we knaw  Concontochon. ( M) Ow\d
amaunt of Selutim (eg L) , we can calewldle a/mowri of solste

(eg mels = M x #L) and we TAg w an eﬁuoo%m
Exampe:  Whet volume of O.100M NaOH solution. s re%AW\ch o react itk
500 mk of 0200 M AI(NOs), ?

Név%ec;wg%)mw AlNOg), (agy  + 3 NaOHwg) —= AlloH); & + 3 NaNOs cg)
ie. dissoloed W HhO 0.200 M O.loo M
(s): solid 50.0ml= C.050L ¢l

Pam: ML B mle @5 mde B #L
Al (NO3)s Al(NOs), NoOH NaOH
_ # moley
O mdw AI(NOg, = M x #[ sme M= Csoldim
= 000 Mx 0.050|_
= 0.0100 moby

@ molw NoOH = 3 X moles AI(NOs);
= 0.0300 molis

# molaws NoOH

FL N&OH OI\/C])?JOO \
- mo —
= . TO0M = 0.200 L

Exame (eobmued) @ What maso of alwmumun. hydioxide , Al ©OH);, precepinlis

(becornts o Sobid ) 7

From fhe eouation, we kinow Hhat for <very mde of Al(NOs)y waed wp,
one moly of Al (OH)s &) s foomed.

Camede AIOH), = #Fmeks AINOD); = O.0I00 mofes
MaLs /%I(ol—k}s = mdew x MW = 00100 mo x 280 el - O,}’SO%
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In the laboatory, acd- base yeactons ans comued oud as a Frhahon

Trtration : procaas by which o soluhon of ore veactunt (fhe titrant) is
| added fo the offen reactart, amd The volwme of +itamt rt%wﬂc(-fz;\ Cmvup(fzil

reacton. Is meosuned .

| Vsd bﬁﬁmifmwg the rumben of moles of ore reactant i (meteo= M
¥ (acd o bose) Rhoum. eifAun, b‘? krowrrg M and V

3 or bv Mu?(wwf out oo {QM(/WV\ So&d.
the volume of The other 1s known and the umkn
concentotion is calcudoded (ahon e
: reachion s gt compleded. 1 o Rnown.
¥ : tohon o reaclim 12 -j'/z;r\w/«ed by addx}m]
[N o cffer reackant an idi'atn Yo the flask - it charges

Colow, Loiem reactioan 15 oved.

Stardand solutim @ a soludion. of known conienhiation.
;S“'ﬂ/\kd&/\d/k.a&‘{'lﬂ\m process bk(f hidh. the congantatim. of ;‘% s determined.
| by CO.ACM wegowury The volume of Solutin. YQ%AMMC{ fo react with an
Wad‘fv lpouve asmound of o PWMAR}/ STANDARD. The. S{'wv\d&/\dxéad
Solution. s kmoum as Yhe SECONDARY STANDARD and i1s wed un
The amabysw of an wnkpoum.

; Eq\{\waﬁﬂm% Poiwd’ : “H\e_ Pou\.‘f '|v\ o hﬁm‘ﬁa\r\, o wl’\id’\ Cf\MmCaMx( QW&QO/L\T

amounts of veactants hape reackd.

Ev\dPgM= e Po'wd' in o Frhahin ot which the udicato cf)\wr\?meo[mm\d
the Triradion is Stopped.



Reder fihotom

6 amaly 2¢ aun (1o -Confalmirg Compound, gow emuent oll e en to Fe™
1k So&ﬁuwé‘fﬂ@v\ ‘Rbaﬁm WK, Sfamda/\d%ed KMrOy. The bolancad

M@L%@mw

MnOJ@@ +5 F%léi%) + & H_3O+@s@)——> M f&'a@ +5 Féggag) + I H,0W)

A 0.598g sample of ffe tron Cav\fuim{/}e? r&&w}m 23285 mkof
0.0133 M KMnOy 1o fthehin fo The e e pout. Lhot (s'/fc;‘:ww D
of tron inHhe Sompl ? ((whot happencd to te K in KMnOy 23

Plan: M,V KHnOy > mot KHnOy = mot Fe” = mel Fe. = g F2 Gpine)

' %‘{PFE.‘IY\JSMY\P[Q,
KMnOy : S : »
bunet soln Oxidotin - Reduchon. reachion

+5 -2 +2 H2 42 13 + -2

MnOy + 5+ SHDD Mar SFe +12H,0

+S +d

b MhBWbWKﬂM&d Mr = Mn
oo MY\Oq‘ iS 'H\ﬂ GdeJOVV? &84’4/:" 42 +3

Fe. is eloment beirg oxidued  fe 2 fe
" R e ﬁzﬁmﬁm

oo(

Fé?.—t-

| _ 00123mkMn0y . Sk Fe . 5595 ake
73 Fe(pm)z 0.0DAS L Mn0g * "L Mdm * Tyt PrO7 W\Zige—f;

| . O.07Fb4g e
% Fe'in ore = 0.598%0& x 100 = 148 % Fe

* it o specodor i |
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PH - meooune of th ndfar concorhabin of Hf 1o

[Y\O%ALQQWD SO'&M, Tﬁe%&%‘hdfwno-[ H*ca/v\()ary m’ :
—f{m >IM o «Ixj0oM"M, T maroge Wm
it W QQ\OLQA o wok fr\ [@cwﬂﬁmg

eviewo: logs are @(pomm‘fs(

29,6 lioo=3 09, (!x}o*b£= -b
~J0*= 1000 0= Ix )0

’DQWO{ H H = -loq, (H* cmconteatum jn. molarty )
e T o £ s

HT log(H+] He~Jog (H*]
L 3L ph=~log

LOOM audi,
oloM=0 - +/ oadic,
[x JOSM -5 +S acdic
[ |0FM ~ 7 7 hewhol
[ < [0TM -9 Q basic,
[ % |0 M - |H |H boole,

What ic the pH of a. Q.5%10" HNO3 scbn 7 _
HNOs o shimgacid se (HNOsT = (Ht]  HNO7> H'+NO;

pH = —log, (QSK)D"‘> = 3,60

What i le conconfiaam of an HCL Sofutarn. with. pH = 1.28 7
onaftan shangacd witk, [H = (HOL]
PH”{O@ [HY = .28 |

\O% (H*]=-1.28 .
ke “inverse. Jog (akoo called 10°) of bath. sitles
(H3= 107" = 0.053
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A st of Md/wd\lzmc acd has o vedume of JASO- mbL

omd pH of 1.92. &c\d‘&_’ ASO. mL of © Olos” M NaOH o oddhd.
Whot 1o e pH of The resulivg Solutim.

HCJ@@ + NoOH(a) — NoClag) + Had @
pH= 192 0.010SM
0.d4350 . 0.230 L.

HCL:  pH=[92 . "foq,o[H‘j = [QL
qu,ofH*K—“ -6
(W= 1077 = 0.0l20 M

el HL= O,0190M x 02O L = O.00300 met HY

NoOH: < imel NoOH = O.0I0SM »0.250L= O.00262S el NaOH

CoOhad lound o{aPVc&ewaLo Yo L|vm+=}r9 Yﬁc«(}emi || Bufecwulm.{

(ohot b0 Jumadirg veochunt 7 (Dhot o aeadl Lip fout 7 NaOH
(ke the reachon v w)wN&OHQ%MQj beu/\cavwejdd*logfacﬂ
v H#,0

Havo M HCL yeumaums < _ (
sune. Stochimelue eke o 1415 wﬁ@“@“‘“’”“b“‘gﬂ?ﬂm

O.00300 med HCL - 0. 00267 Ssd HU
000037 ol HOQ  etup
hl‘_'squ‘md'

To ford the ph of He soluim, we fout rad Jo fird CHU]

7 M o = DOO3TSw KU yygs M = (]

(O'Q\S—Ol(?*_ O.250L) surce HCOL 15 Shor? ocd
Jotol V '
pH = ~logy, [H= ~ log, (000015 ) = 312

?Lr\cfQ. HCQ (‘m@(cw =




