
Stoichiometry - Titrotions
1. Whot is the molority of o sodium hydroxide solution if 25.O mL is reguired to neutrolize4O.O mL of o 1.50 M

solution of sutfuric ocid? l. 1{aOFl + H rSO, NarSO* * Z A.()

f \  / \ . t  . n
lv -- Lo.va l(b

ffi
Ct.so vr )[o .o*oo t) [z ) -

(  o  -o75o r -  )Cr  )
4.?o -oy',

2. Colculote the volume of o 6.00 M solution of nitric ocid necessary to neutrolize 3O.O mL of o 4.OO M solution
of potossium hvdroxide' 

H N03 + (,oH --+ KNO, * Fl-C)

V A ;
/ r

= ( .t.co r.t) (o .oboo_L )C D : o .ozoo v
( i ( ( u  L ; . oov r ) ( r )  D (  Zo_o^n l

3. Colculote the unknown guontity reguired for complete neufrolizofion of the following:

Acid Bose

Concentrotion Volume
o) O.25O M HCI 30.00 mL

Concentrotion Volume
? MOH 25.00 mL

t - l c t  +  NaOH+ NJaCt+  A rO

C, = C,^V" Qu= ( o,25o !^) (o.o3oq! l-Q-) = O,3oo '*l/t-

(o ozsoD r-) ( r )

b) 0.500 M H25O4 ? 0.750 M KoH 20.00 mL

Hrgq ? ZKIH + ( rg+ + ZH.c>

,rlv {Zu

{o = C*Vr& Lo.rso ra, ) (o, qzooq r- \ / r) =
1o ,5oo 14 ) Cz )

1.50 M NH4OH

o.OI<o L
Ov 6 ,0  " ' L

25.00 mLc) ? HNO3 15.00 mL

G" U{v?^
\rlxK.

t\NO3 * Nt\*os > N$.t tQOs + HLO

= [ t .eo  n) {o .ozsoou) (  r . )  =  2 .3o , * , t /L
( - o . o t 5 d o r - )  C r )
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d) 0.400 M HNO3 35.00 mL 0.800 M MoH ?

HIQOg + tSaotl + NaNO= * h\zO

{v " GVo,Q.b CO.* 60 t ) (D .o=too lA = O'o fis L

C t o ( *  t o  t m r t ) ( r ) o  Y  1 7 . 5  ' * L

e) 0.500 M Hcl ? t00 M KoH 15.00 mL

flCt 'f KoH >

{ r , 3  C , " V ; R \  =  ( r . o o m ) ( o . o r i o o u ) ( l )  =  o ' o 3 & t -

R, ( f f i i ) ( r )  6v rco,L

f) ? HISO4 15.00 mL 0.500 M MOH 20.00 mL

HzSO.t + 2NaOH+ lVar{)q r ZHrO

C" -* C-"V4 : (O .5oo w)( o -o-zcrso >X.r ) = 0.333 ̂ oy
ln@ 

-Tasoou)(z) ' t-

g) 0.250 M HNO3 25.00 mL 0.500 M NH4OH ?

HIVs + Stl*oH -> Ntl"{\)os * Hz(J

Vv = CoVo R> a LO .z<O H)f O .oz<oo r-\(r). = D, O.ZS L

or  12 ,5  n*L

h) 0.500 M H3PO4 30.00 mL ? MOH 25.00 mL

Ab?O,t t 3 NaOII + tr)a=P6.* r 3$L.O

Cue W = (o .soou.Xo.oeooor , ) (q )=  t . to^d /u
V"R.  f f i , )

4. How mony groms of calcium hydroxide are reguired to neutrolize 50.0 mL of o 1.00 M sulfuric ocid solution2

CaGH). + Ilr9,( + Cag+ r 7Hr()

1 1  :  C ' V

LD 'o'o,rnat (1"s") 
( tffi')(tu,01zL0%^ = s,lca a(ou\.
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( o oo | 5c> rvrar t{No, r(,i*iltil| 
)("t 

.u*t7*,\: o.osz65 0tuoH

6. Whot volume of O.?5O M phosphoric acid is reguired to neutralize 30.0 ml of o 1.50 M barium hydroxide

2 As?On , 38o" Cod)r- + Bor(%r), * bf[.O

Vr" = C"VvQ^
Cs?v

5. Colculote the moss of ommonium hydroxide necessory to neutrolize 30.0 mL of a 0.0500 M nitric acid solution.

S H I O r - l  * r l N O 3  +  N H t N O s +  i l . O

n = C.V = LO.Orc ^ut/.)(o.o366, r--) = O,OorQ 'nol FINO.

7. Determine the molority of o sulfuric ocid solution if 3O.O mL is used to neutrolize 4O.O mL of o 0.500 M

porossiumhydroxidesotution. Arf/., + LK)ll -> K.&+ + /*.O

= Lo,€,oo nM/.\( r .r+oo u) 0\
b'osoo r-) cz)

= D,3zz'* l /L_

Ca ' CrVu R<
V^3-

-w8.

(_r.5o ln ) (o.oaoo u)f z) -- O. tz) L
(D  , zso  M)Cs)

=

L o , o z { o  c  X s )
= O,Z@ *"yL

8. Whot is the molority of o phosphoric ocid solution if 25.O mL of the solution is necessory to neutrolize 30.0

mL of o o.5oo M potossium hydroxide solution? tJ, @q r 3 KOH -r l(g rc4 * e H_C

Co = Cr"Vu R<

9. Colculote the volume of O.75O mol/L sulfuric ocid needed to neufrolize completely 20.00 9 of sodium

hydroxide. H.frr + / NaOfl >

f 2o ,oo s t'JaO H \( t,,na l tlrg+,
le1 n4 1 il 3/rru, 

)\ t mol Naoi#
) ' 0, z5&)mol
t 1

V: r l  =z
il,V+
0,zxnrwl ̂  D333 L
o@
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10. fn o hborotory experiment involving the neutrolizotion of vinegor (ocetic ocid solution) using 0.500 mol/L

sodium hydroxide, the following doto were collecled"

Volume of Vinegor Volume of Bose

Triol 1 10.00 mL t7.59 mL

Triol 2 t5.27 mL 28.39 mL

Triol 3 ?O.14 mL 36.58 mL

o) cotcutote the motority of the vinesar in each trial. AC"l.ryzO. * ilaOH + Nlo C, ["Ot - l+"0

Cn=CvV v8''. G:ol | = (0. sao4) lao nsqr-)( r) = O,g?/) I
\,la €v L  D.o too  u) (  t  )

L

: D'q 30 +d- t l

I  r t A r

[ o . o t 5 z 1  u ) t t )

o
@

NT
L

/1v ;a l  3=  Lo ,ae4\Q-ozbg)O =  o .c t *e@
( o . o z o t L + u ) C r )

b) Cot.utot" the averagemolority of vinegor for fhe three triols.

a "v \ { a4L  =  o 'Ans  "D ' 1L " ' 6 . o '%a l  =  o ' 7ob
3

c) Colculote the mass of ocetic ocid in eoch triol.

nl  C,V 'wia. !  I  (  0,g116 $l t  o 'o l  oo0 u)  = o '  b81q3 r ' rof

(6rct-tq# t\ @. o&+ 5/not) 
= D'578 3

a;a,( z ( o . o\z1.b Ll L 0. o t52:tu) : o'O t4tq r>'b l
u O , " I  C l b  i _  )  L  U , O  l ? L  L  t *  )  -  o ) ' r ' / '  " '  r ' v t  

Z \

(o.or*R nJ iTio o5o' l  $/mot )  = o 'g5Z 5 v

i ^ l  3  (0 ,qoy  4> t0 ,ozo t+  t - )  =  o 'o t t z4no l
kl 'tt t*zqnaol ) ( bo 'ee* Srrot ) = | ''10 5 @

d) Colculote the mass percentage of ocetic ocid in vinegor for each triol. Assume thot the solution

hos a density of 1.00 9/mL.

f,;^! t 0,Szg g >. too = S.Z_g Zo
to'(P1

A;o1 z 
WZ,. roo

-t 
r;o! 3 t.. to 1 x 1oD ' 5,45?"

e) Colculote tn. ou#g.lOq"r5un "n of oceticocid in vinegor for the three triols. If the corcect

percentage is 5.4Q%, what is the percent error? Which trial gove the best results?

A,/

A -  ^n F , / . ,  r  - tz //hway' *e-:5#*.-5,# :
-z
\J

5,*4?o 7o eyrOr' 6.'lC'. r /{7)
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11. A titrotion of 15.0 mL of household ommonio (NH4OH) reguired 40.0 mL of o 1.00 mol/L hydrochloric ocid

solution. Colculote the concentrotion of the household ommonio. lt [{*Ott ' $Ll ) Itt+t(l r I* z-C

C, - A\tot?o. = ry 
*t/.)(q jl 99L2)-]. = Z.b1 q, N Flao#

\vQu @i t , )

13.

Determine the moss of the precipitote of leod(Il) sulfate which is produced by the reoction of 30.0 mL of

0.750 M leod(rr) nitrote with excess sulfuric ocld.' fb(Nq), 
'r 

FIzSO+ --> ?b<)*'+ 2 H&S

n=  C .V  r  Co . tg )^ * l [ o .O=oor - - )  =  C .O>z{  mo l  FL (Nc \ )e

(o. o z2{ mol 4"{n4),)/ l1n,t fuU* \1so=,zbgoJ/not)
| 

-t 
^, 1 ?KNql> )\e = b.gz g ?bgv

Cof cufote the rnass of pure sodium corbonate required to reoct completely with 20.00 mL of 0.250 mol/L

hydrochloricocid. 2 HC | ., i la.CQ >

r t -  C,V -  LO.zg 4>tocz@oL) = Q'OO5@ ,"ot  HCt

(o.oos crr;:r. ,r lHq)11^l Nc,CoE\f rof , lsgz+g-,) = o:%5 3l iarC}s
\  2*ol  HCt /  \  vwt I

t4. Whot volume of O.ZbO M silver nitrote is reguired to precipitote oll the chloride ion os silver chloride in o

solution mode by dissolving o somple of rock solt which hos o moss of 0.300 9 ond is known tobe99'O%pure

sodium chloride? AgnO, 1 N aCt >

( o . E o o 3 ) ( o . a a o )  =  c ' " 7 1  g

(o.rq s U"rt \/ tYt 'A',APg \ =

\  Bc. +(Ln!/^, t  ) t  T *f f icr /
O'OOS og mol AgMt

= O-@998 -olV,f l
c oZso Yl

L,

-  0 ,0zo3L
ov 20,3rcL
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15. If t.25 g of pure colcium corbonole reguires 25.50 mL of o hydrochloric ocid solution for complete reaction,
colculotethemolor i tyof  theocid.  /HCl .  LaCO3 -> Cat)-  "  t1.Cq

( . - a
v ' O-:9:eo-s:t

O . o z s s o L

r /  r t  t l  n

Va = lvVaYq = (o,art l,rXo.ol?r-Xr)-To-bz;'4)c')

= O. O-l X) L o v 1O'O '-"L

a [l,ea tl) Co.xa, X,)
(o 'o t tL u)  [  r  )

(-= !
V

@
Ll ,  8+

Hr$o* I Z KoH -> K.so+ " 7WO

Cv'AVa?v= to.to,"4lb'"rnr>t;w" Lo .ozsD ,  )C'  )

:  o , 4 1 4  9 4
L

I tzS , C"us\l Z mrt HLl \ = o. oZSo rv'ol Hct
L roo.(EtLglnoll \ t nol C(9t I

l?,5 R Nhot+
3q,qq tlt 5/rnal
= O .+3e nno I

3q s4 1( g/,,rc1
= D.bq? ro I

of the bose?

)i\*\ ion
CrV, , LrV,

c z = @
16o 'ocr*l

: 0.206 ryeI
L

. O.WZ m,l
-j

D . W L
:  c,us#

t7. A solution wos prepored by dissolving 25.9 g of sodium hydroxide in enough woter to moke 500.0 cm3 of
sofut ion. 25.0cm3of thissolut ionwost i t roted witht7.6 cm3of hydrochlor icocid. Whotistheconcentrot ion
of the hydrochloric ocid solution? tICl * NaO H -> A)aCt + H-C

L5.qa  NaO

= O ,7 gO -^ol
L

t6. 17.5 g of MOH is dissolved in enough woter to moke 500.0 cm" of solution. Whot volume of 0.625 M HBr
would be requiredto neutrolize 50.0 cm3 of the MoH solution? *6,, , [\LO ll + N"* * t]zO

u€"

L.g - (),646 rv.ctl
V D.6ooL

: l"3D+
A solution was prepored by toking 8.60 cm3 of 18.0 M H25O4ond diluting it to o volume of 75O.O cm3. 28.7

cm3 of this solution wos reguired to completely neutrolize2s.O cm3 of o KOH solution. Whot is the molority
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t9. Whot volume of l.5O M hydrochloric ocid solution is reguired to reoct completely with o 0.500 g somple of
iron(rl) sulfide oreif the ore contoins 95.o% iron(Ir) sulfide? 2ltl r Fe S - llrS f FeCIL

(o.sool  X o .qso )  :  o .4- t { �g FeS

I O-+-tS & \ /z-,rypt ttctl = o.olo0 r*ot F+Cl
t gl,qll s/no,| I \ t , 'r,tol fes )

t= -L -- Orerogryq) = C.oo -72<->L
c l '5o-$ Dv-T.zo,*L

20. Hydrogen sulfide gos will reoct with o leod solution to give o precipitate of leod(ff) sulfide. ff hydrogen
sulfide is bubbled into 50.0 mL of o 0.125 M leod(Il) ocetote solution, colculote the following:

f . \ ,S $ PVLC=l[ro,),  >
o) the moss of hydrogen sulf ide reguired for complet e renction

n =  c ' v

(o.oob Zs rnor %u,trro.)) (Lrt+t&,,t ,)) (tr,*,*h,) = o .ztss

b) the volume of hydrogen sulfide gos ot STP reguired for complete reoction

og s o.ocG z{ r,sl tts (o,as;rs*o I ) (22.4 ?^.t)
3 q , o e f t g t  =  O t r t o L  * r S

c) the moss of leod(Il) sulfide produced

( o.cobz{rnor %k,Eo;) (t#ifr 
Ar) 

(ti ubu,)
=- l.SoxPbS

2t. Some sulfuric ocid is spilled on o lob bench. ft con be neutrolized by sprinkling sodium bicorbonote on it ond
then mopping up the resultont solution. The sodium bicorbonate reocts with the sulfuric ocid os follows:

ZMHCOT(s) + HaSO+(og) i M2SOa(oq) + 2H2O(l) * ?COz(9)
Sodium bicarbonote is odded until the fizzing due to the formotion of corbon dioxide gos stops. If 35.0 mL
of 6.O mol/L sulfuric ocid were spilled, whot is the minimum moss of sodium bicorbonote thot must be added
to the spill to neutralize the ocid?

f i=  C-V = (A.O ol$ l ( , - , ,ceeo L)  = O,zt  rnot  Hr3o4

(o.zt r,^,or il,so_) (?rg!_N+!Aqr)(uu .061,*,) =
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22. Tortaric acid, H2CaHaO5, is often present in wines ond precipitotes from solution os the wineoges. A solution
contoining on unknown concentrotion of the ocid is titroted with sodium hydroxide. ft reguires ?2.62 mL of
0.2000 M sodium hydroxide solution to titrote 40.00 mL of the tortoric acid solution. Write o bolqnced
eguotion ond colculote the molority of the tortoric ocid solution.

V7.CuH+Ou 4z  NaoH +  Nk .QH+Ot+ZH.O

Cu = CaVv Qq = (o.zooo ryl X o,ozzbz L)( r)
V x8, CO o+ooo L ) Lz)

= O. o sLsS e A.C*H*Oo

23. A somple of solid colcium hydroxide is stirred in woter ot 30"C for c long time, until the solution contoins as
much dissolved colcium hydroxide os it con hold. A 100.0 mL somple of this solufion is withdrown ond titroted
with 5.OO x tOz mol/L hydrobromic ocid. ff reguires 48.8 mL of the ocid solution for neutrolizotion. Whot is
rhemolarityof thecotciumhydroxidesotution? Z A$, + C"kt):-- + C+Br_ t Z HzO

Cu, W!R". = (5,oo , tD-z ryl )(c .o+ez r-)( r)

24. Whot moss of sodium chloride is reguired to precipitote all the silver ions from 20.0 mL of 0.100 M silver

./)
Vu Kc .  ( c .  r ooO u  )  L  Z>

=  O.o \zLe  Cu1 .3u )z_

nnrore sorutionz 
NaCl # 

{t N0,

17 = C. /  =  (O, t@ ryJ I  (o .ozoo L)  = C,CPZ @ mo! 4lAl'.

(0 . *Z oomol  \NO3 ) (
I r',ro | ,AgN03
I r*ol NaC J

) 
(.u ' t+(+ , rr 

A",)

=  O , t l 1  g  N a C l
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