Stoichiometry - Titrations

1. What is the molarity of a sodium hydroxide solution if 25.0 mL is required to neutralize 40.0 mL of a 1.50 M

solution of sulfuric acid? 2. NOLOH + \,\ZSOL1 —_ MO\ZSO-i *x 2 Hz,()

Co-ClaRo . (1801M)(0.04000)2) o s gp mely
Vi Ra. © (0.028%0L)0)

2. Calculate the volume of a 6.00 M solution of nitric acid necessary to neutralize 30.0 mL of a 4.00 M solution

of potassium hydroxide. HNO; + KOH — KNO;', + HZO

Va = CoVoka < (4.0om)(0.0500 LYY - 5.0z00L

Ko
Ca (b-00MY(1) v 20.0ml
3. Calculate the unknown quantity required for complete neutralization of the following:
Acid Base
Concentration Volume Concentration Volume
a) 0.250 M HclI 30.00 mL ? NaOH 25.00 mL

HCL + NoOH - NaCl+ H,0

Co=CulRy - (0290 M)(0.02000L)0) = D300 ™V,
Vi o (0.025001( 1D

b) 0.500 M H,S0, ? 0.750 M KOH 20.00 mL
HzSOq t 2 KOH - KZSO;.* + 2 Hz()

Voo oV _ (0150 M) (002000 ) (1) = 0O.01%0 L
Ca¥y ) (o o0 M D(2) o 15.0 L

c) ? HNO; 15.00 mL 1.50 M NH,OH 25.00 mL
{'\N05* &\—\qO\‘\ -~ [\3\-\..\&)()3 + \_\LO

Cc«': Cw\lb@\ - (\.SOM)(o.OZSDCJL,)(I> = 2.50 W!/l,
Va Ky T (o.00%00L) (1)
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d) 0.400 M HNO; 35.00 mL 0.800 M NaOH ?
HNOz + NoOH > NaNOs + H,O

Vo = GlVaRoe . (0.400n)(D.03500300 o 0.0175L
Cl K (O.?,OO}'\B(‘3 ov 17.59mL
e) 0.500 M Hcl ? 1.00 M KOH 15.00 mL

HCI 5 KOH = ¥Ct + H, 0

Va = CoVea _ (100m)(0.61500 L) - 0.03CO -
(a Re  (o.800 M)D( 1) 6v 30.0mL
f) ? H,S0, 15.00 mL 0.500 M NaOH 20.00 mL
H, SOy + 2 NaOH - /\/QZSO.,L y 2H,0
(o= CoVukk = (0.500MX0:0200LXD . 333 mely
Va Ko (o.0800L(2)
g) 0.250 M HNO; 25,00 mL 0.500 M NH,OH ?

HNO; + NHDH - NH4NOs + H,0

Ve = CaVaRp o (0220 M) 0.02500L(1) - p.otzs L
Cio Re (0.800 M1 or 12.5 mL

h) 0.500 M H3PO, 30.00 mL ? NaOH 25.00 mL

Cos GVeRy - (p.200MX0.02000L)(3) - |80 ’”"l/,_d
Vo Ra (0.0zs00LYC D

4. How many grams of calcium hydroxide are required to neutralize 50.0 mL of a 1.00 M sulfuric acid solution?

Calot), + H, 0y = SOy + 2H,0
n=CV = (.60 M)0.0500L) = 0.0600 msl H,SO04

(D 0560 mol H,S04) ( | ol Ca (ot (74 09248
= . 5/ 5 = 370_9 (;(OH)-L
Il mol HZSOLP > al
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Calculate the mass of ammonium hydroxide necessary to neutralize 30.0 mL of a 0.0500 M nitric acid solution.
NHHOH + t'h\)05 -2 NHA{-MOS + HzO
n=CV = (0.050 " )0.0200L) = O.00150 mol HNOy

(0.001 50 mol HNO;)(lmol N0l (35.0«563 . 0.052b4 VHOH
L el ANOy, 7ol

What volume of 0.250 M phosphoric acid is required to neutralize 30.0 ml of a 1.50 M barium hydroxide

solution? 2 H:,JPO% + 3 Ba (oH ), > 65(3(?0% )y ¢+ b HLO

Ve = CoVoRa = (1L80M)(0.000 L)(2) = O-120L
CaRo (D.250 M)(3)

Determine the molarity of a sulfuric acid solution if 30.0 mL is used to neutralize 40.0 mL of a 0.500 M

potassium hydroxide solution. stOq + Q_KOH N KZ’SO‘% - ZHLO

(o= CoVolRn = (0500 ™/ N povpo L)1)
B (0.0200 L) (2)

— !
= 0. 333 ™Y/

What is the molarity of a phosphoric acid solution if 25.0 mL of the solution is necessary to neutralize 30.0

mL of a 0.500 M potassium hydroxide solution? )_[5 POq 1 BKOY - I<5 FO# + 2 H O
2

Ca= CuVuRe - (0.200 ™Y (00260001 )
VaRw (00250 (3D

= 0200 ™Y

Calculate the volume of 0.750 mol/L sulfuric acid needed to neutralize completely 20.00 g of sodium

hydroxide. szq + 2 NAOH - l\/az 60«/- ¥ 2HZO

(ZO'OO‘S NQOH>( lmal HZSO‘P> = 0. 2500 mol H—Lg)sl

39.99 71U 4/ms) /N 2 mol NaOH
5 °n - 0.2560mel . p333 L
C  0150%¢
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10. In a laboratory experiment involving the neutralization of vinegar (acetic acid solution) using 0.500 mol/L
sodium hydroxide, the following data were collected:

Volume of Vinegar Volume of Base
Trial 1 10.00 mL 17.59 mL
Trial 2 15.27 mL 28.39 mL
Trial 3 20.14 mL 36.58 mL

a) Calculate the molarity of the vinegar in each trial. HCZ H?,Oz + T\)&OH 4 NG. C1 H;:,Oz * {‘I'LO

CazClVpa Tk ) = (0.500%) (0.0n5aL)(1) = o0.220. ()
Va b0 ( 0.01000 LY( 1) -
Tl 2 = (0.e00™ ) (0.0282a () _ ().qso!:‘f_' @
(0.01527 L)1)
“Trial 2 = (0.600 ”«‘3’)(0.03558L)0> = D.90%8 ’_“ﬁ_)@

N

(0.0ozowL)(1)

b) Calculate the average molarity of vinegar for the three trials. |
mo
average = O €195 0. 9296 + D.908/ . 0906 “—
3

¢) Caleulate the mass of acetic acid in each trial.
n=CV i | (0.8195 2 )(0.01000L) = O.00819% mol
(000879 mol X £D. DEO% g/mol ) = 0.528 g

Tl 2 (0.229c22 Y[ D.016Z1L) = 0.O14amo] o
(0-01H1% mol ) (L0-0564 glmel ) = 0.852 § &

T > (0.9081 ™Y p.0z014 L) = 001829 mol
(0.0lﬁzcrmol)(bo.oso¢ymol)= |10 ) @

d) Calculate the mass percentage of acetic acid in vinegar for each trial. Assume that the solution
has a density of 1.00 g/mL.

Triad | 0'5283 . 100 = 5.28%
10-00q

74‘&0 2 0‘662__~5 x OO = 5.5% %o
16,27 ¢,

Trid 3 1109 o0 = 5454
0.4 ¢

e) Calculate the average percentage of acetic acid in vinegar for the three trials. If the correct
percentage is 5.40%, what is the percent error? Which trial gave the best results?

Aw/m% - 528 T~§_@ié+(: 5"‘{5 % ?o(%/l/()l/’ _5_,(/9.;5—‘1—? x (U0

> 5.40
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11, A titration of 15.0 mL of household ammonia (NH,OH) required 40.0 mL of a 1.00 mol/L hydrochloric acid
solution. Calculate the concentration of the household ammonia. NH«*OH + 40 - l\)l‘LfC’ v+ H e

Co = Clelde o Qoo™ Yo 0Ho0 YUY - 2467 ™Y NHy0H
Vi ke (o‘olso‘“”‘/ﬁ@

12. Determine the mass of the precipitate of lead(II) sulfate which is produced by the reaction of 30.0 mL of

0.750 M lead(II) nitrate with excess sulfuric acid. ﬂg([\)()s)z ¢ le,_* = f bSOyt 2 st
ne (V= (0150 mMm ) (0.0200L) = 0.022< mel P(NG),

(0. 0225 mol Vb(Nog),\( | el Ly ( 203, 2626 /mol )
et O = 162 g oDy
13. Calculate the mass of pure sodium carbonate required to react completely with 20.00 mL of 0.250 mol/L
hydrochloricacid. 2 HC [+ Nay, Oy —> H,COs + 2 Na(l
n=CV = (0.250 24 ) 0.02000L) = 0.005C0 md HCI

(0-005 00 mol HL{)()M@)(% \%87440 = 0.26% q Na, (O
2 mol HQ i

14. What volume of 0.250 M silver nitrate is required to precipitate all the chloride ion as silver chloride in a
solution made by dissolving a sample of rock salt which has a mass of 0.300 g and is known to be 99.0% pure

sodium chloride? Abmb < NQ.C( - Af_)cl . Ncg‘\)03
(0.300 4)(0.440) = 0-247 ¢

0.267¢, NaCl >( [ ol AgNOs
5. 217 flmel | mol Nact

> - 0.005 08 mol AyNOs

J
Vzp = OQOOSCB™MY 1y 505

c 0.250 ™/
L- oy 20.3ml
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15. If 1.25 g of pure calcium carbonate requires 25.50 mL of a hydrochloric acid solution for complete reaction,

calculate the molarity of the acid. ZHC! + (o Q= ~> GQ,CJ?, + HLCOs
('-755____5,0_“,@3)(2 mol HC \ = 0.02560 mol Hcl

100.0212 6)/ma) /\ | ol Call0s
C =¥ = 0.0250mel  _ O.ﬁg()__"f’/,
\% O.0z2sSo0L L

16. 17.5 g of NaOH is dissolved in enough water to make 500.0 cm® of solution. What volume of 0.625 M HBr
would be required to neutralize 50.0 cm® of the NaOH solution? I-—h%\/ t /\)10 H— /\)&6/ + HLO

1754 Neo H
3445 7 o/ Va = CVufe = (0.675 M)(0.0500L) (1)
= 0.42€ ! A (o252 )(1)
C=n . 0432 mo) - O.0100L 0¥ 70.0~ L
V. p.socoL
= p.g1sz

17. A solution was prepared by dissolving 25.9 g of sodium hydroxide in enough water to make 500.0 cm® of
solution. 25.0 cm® of this solution was titrated with 17.6 cm® of hydrochloric acid. What is the concentration

of the hydrochloric acid solution? HC | + /\)d OH - /\/O-CI + HZ,O

25.9 ¢ _NaO
24 a8 W ¢ynol Co= (Vule = (120 (0.co80L)0).
= D.bY48 mol | Va Ky W
C,Cﬁ = 0.648 ol = g4 m%
V. D.900L
= Lzpeedl

18. A solution was prepared by taking 8.60 cm® of 18.0 M H,SO; and diluting it to a volume of 750.0 cm®. 28.7
cm® of this solution was required to completely neutralize 25.0 cm® of a KOH solution. What is the molarity

of the base? H,90, -+ 2 Kod = K504 +2H,0
'Di\u&\‘om
CV. = (Vs Co= Voo = (02062 (002811 )(2)
C, = (18.0 MWX(B b0 cm®) Vi K (0.0280 « Y1)
180 .0cm> |
= Q.7 1e
= 0.206"! L
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19. What volume of 1.50 M hydrochloric acid solution is required to react completely with a 0.500 g sample of
iron(II) sulfide ore if the ore contains 95.0% iron(II) sulfide? 2 HC‘ ¥ F_}: S > st + F—ZC/L

(05004 )(0.950) = 0. 4154 S

(O-‘H‘S o FeS <Z mol R _ 0.0108 mol HCI

g 7.a13 J 7\ mel FeS
S/me Ven - 0.0008m) _ .00 1200

]
C 180tz oy .20l

20. Hydrogen sulfide gas will react with a lead solution to give a precipitate of lead(IT) sulfide. If hydrogen
sulfide is bubbled into 50.0 mL of a 0.125 M lead(II) acetate solution, calculate the following:

LS v Phlets0.), = 2NWCGH0, + PbS

a) the mass of hydrogen sulfide required for complete reaction

n= -V = (02l )(0:0800 L) = 0.0062< mol Pb(C2H:0,),

(0.0062S ml %(CZHBOL)Z)U MO‘IHPS(C ‘0 >\ 3”'0“5’8%,> = 0.2)34
| ol Vo, ((; e

b) the volume of hydrogen sulfide gas at STP required for complete reaction

0.229 . 0.00b2smol S (000625 mol N22.4 Yol )
34.08'8&‘ = OIHOL HLS

c) the mass of lead(II) sulfide produced

0.0062< mol P (GILO,Y, ) /] mol oS 3.2k
( (\M (0, \(25 %’>

= [.604 PbS

21, Some sulfuric acid is spilled on a lab bench. It can be neutralized by sprinkling sodium bicarbonate on it and
then mopping up the resultant solution. The sodium bicarbonate reacts with the sulfuric acid as follows:
2NaHCO;4(s) + H2504(0q) > N02504(OQ) + 2H20(|) + ZCOZ(Q)
Sodium bicarbonate is added until the fizzing due to the formation of carbon dioxide gas stops. If 35.0 mL
of 6.0 mol/L sulfuric acid were spilled, what is the minimum mass of sodium bicarbonate that must be added
to the spill to neutralize the acid?

N=C-V = (G-O a\%l Y 0.0350 L) = .21 mol HZ§O4

(0.2 mol HoS04) (Z\MlN&Hﬁf (84.06%61_5_’): 25 g Naf/CCs
Mo rno
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22. Tartaric acid, H,C4H4Oq, is of ten present in wines and precipitates from solution as the wine ages. A solution
containing an unknown concentration of the acid is titrated with sodium hydroxide. It requires 22.62 mL of
0.2000 M sodium hydroxide solution to titrate 40.00 mL of the tartaric acid solution. Write a balanced
equation and calculate the molarity of the tartaric acid solution.

Ho CuHeOp  #+ 2 NaOH = Mo, GHeOp + 2H, O

Ca= CeVoRa _ (0.20007))0.02262 L)(V)
Vate, (0 04000 LY (2)

= 0.0555 @19/1 HquH'—tOé,

23. A sample of solid calcium hydroxide is stirred in water at 30°C for a long time, until the solution contains as
much dissolved calcium hydroxide as it can hold. A 100.0 mL sample of this solution is withdrawn and titrated
with 5.00 x 10 mol/L hydrobromic acid. It requires 48.8 mL of the acid solution for neutralization. What is

the molarity of the calcium hydroxide solution? 2 H6V + ca (0"{)2, - Ca@r + 2 H;,O
z

Coz CaVaRe - (5.00x107 2. ougg LI
Vi K (01000 L) C2)

= 0.0\22‘1‘51 CaCOH)L

24. What mass of sodium chioride is required to precipitate all the silver ions from 20.0 mL of 0.100 M silver

nitrate solution? NO\C‘ - ASNOS - NﬂNa:, 4 ;4\6 [/
n=CV = (0100 ™ ) (0.0200 L) = 0.002 00 mo| HqNOs

0.002 00 mel A NO3)(‘ mol Nall 88.442 77
( mel NG ol A6N03 ( f;d’m,i>

- O.”76 Nac/
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