ACID-BASE CALCULATIONS
1. Ineach of the following solutions, determine: i) hydronium ion concentration ii) pH
ii) hydroxide ion concentration iv) pOH
a) 0.030mol/dm’ HCl = H* + CI”  slrong acil
S [H] = 0.020 ml
i) hydronium ion concentration = ©.030 M i) pH = 1.5
it} hydroxide ion concentration 2 .3 . ;5" M iv) pPOH = 12
b) 0.125mol/dm’ HBr — H* 4R, astwmy acid

L CHD= 0126 M

i) hydronium ion concentration*0+ 125 M i) pH= O-903
ii) hydroxide ion concentration = .00 » .b'”'/"i iv) pOH = 3,/
c) 0025mol/dm’NaOH  MaOH —> Nat + OH" strong bast

S COoH™] = 0.025 M

'l

i) hydronium ion concentration = 4.0 © "’M i) pH 12
ii) hydroxide ion concentration = O .25 M iv) pPOH = |.b
d) 0050mol/dm®Ca(OH):  CaloH), —» (a2* ¢+ 20~ strong bast

N Lowd = 2(0.080) = O./0M

~43
i) hydronium ion concentration = ].0x /0 M i) pH = >

ii) hydroxide ion concentration = O, jO M iv) pOH = -0
e) 0.100 mol/dm® H,CO; H,,COG = HT +HCOy™ wieale dC"O/

init  Duoo o ©

D -x +X +#x

(z 0100 - ¥ x X

K= DHICHGT] A= (x) k- e 078
] x ) x = R/x/07
L H, €O (D.1o0-¥ :
x ] 41 4 x /0 -7 = X 2

L
O- 100

i) hydronium ion concentration Z./x 1077M i) pH 3.7
ot
ii) hydroxide ion concentration 4.&2 0" M iv) pOH 10
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f) 0.250 mol/dm® HCN - weak acid .
HN S H + N~ b.Z 10" %= (xX=)

.. o 0. 25D -X)
::\-‘L ajfo ?x % b.2 o sz_
L r JO =
"g 0:280% X x D28
Ka: CHICENT S5 0™ = x *
V__,/"
CHeN') X = 1.2x 1075

i) hydronium ion concentration 1+ Z« 10"® M iii) pH 4.9
ii) hydroxide ion concentration 3.0 « lo'oM iv) pOH 9.1
g) 0.125 mol/dm® HNO, - weak acid

HNO, = H* + NO,~ 7-2*10‘\‘: (x 3(&)
0125 40;‘ & (6.125x)
025 H  x X 72rp07% 2 x2
0125
Ka = CH*JLNO,T] 9.0x410°5 = xZ
LHNO;T] x = 9.5 =03

i) hydronium ion concentration 9, § « J0°3M i)pH 2.0
ii) hydroxide ion concentration [./ ¥ /10°% M i) pOH 12
k) 0.150 mol/dm® HOOCCOOH - weat acid
HCaly == W4 WG (g upxin 2 Nou180 %) = x =

0180 SN 0:008) - 0.084%x = x*
010 ~* x X O x%* 4 0.0689~ -0.0081
Ka - CH'ICHGO, ] x = -D.0O5Y* L0.087)2-( 4)(1)(-0.0081
LH,C.04] 200
B4x0? - (xXx) £ro®ioee
(04580 - %) ‘s 012 or 0.067
i) hydronium ion concentration 0 .067 M i)y pH ). 2

ii) hydroxide ion concentration {.5 « ;o‘u‘M iv) pPOH |3
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i) 0.175 mol/dm® H,505 —~ Weak acich

H,80., < W' +Hso,~ 0.002275 ~0.013dx = x2
0.5 © 6 0 x%+0.01Bx% ~-0.0022715
-3 R P4
D15 X X X = =0-013 % J(0,003)* (430)(- 0.002218)
- 20D
Ka- CHIORS,") N .
2 ~0.01Dd 0.064269
L HaS057] * = €
L3x10%=- (K)CX) X = -0 .055 or O.0F2
(0.17% - %)
(0.6013)(0.60175 -x) = 3
i) hydronium ion concentration O. 042 M iii) pH 1.

ii) hydroxide ion concentration 2.4 ,-3p i) pOH )

2. Calculate [Hs0], [ClO47] and [OH] in an aqueous solution that is 0.150 M in HCIO4(aq). Is the solution
acidic or basic?

HCOy —> HY + Cloy” CH,0t]= O.180M
D10 o © CCiog] = 0.180M

0 0\80 O0.150 ,
Lot = 6677107 M

Acmic

3. Calculate , [OH ], [K'] and [H30'] in an aqueous solution that is 0.250 M in KOH(aq). Is the solution
acidic or basic?

kOoH = K* voH™ o l= 0.280M
0.260 © o [x]l = 0.2s0M
O 020 0.250 Chrl = .00~ 15" M BASIC

4. Compute [Ca*], [OH" ] and [H30"] for a solution that is prepared by dissolving 0.600 g of Ca(OH); in
enough water to make 0.500 dm® of solution.
[oH1 5 O - 8324 M

Caoﬂgtz)z, -2 @32* » ng' Lla*] = 0.0162 M
"o oubz  2008L2) LHo'l = 8.07«107"*H
mol - D04
4.022688/mol  C=n = 0.008 10mo] . p.0[L2 M
= 0.008 1O mol V. o08c0L
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The pH of human muscle fluid is 6.8. Compute the value of [H30"] in muscle fluid at 25°C.

10°*® _ \6x 0 M

CH,0* 1 =
The pH of household ammonia is about 12. Calculate the value of [OH" ] for the ammonia solution.

be 0%M o p.OL M

(o] = 107% -

The pH of human blood is fairly constant at 7.4. Compute the hydronium ion and the hydroxide ion
el

7.
concentrations in human blood.
CH04] = (o Coll- Ko . 1o«
-~ 4 O O‘g M C”sofj 4¢O (S /()~%
- U «x -7
/ = 2841071
8. The pH of the world's oceans is remarkably constant at 8.15. Compute the hydronium ion and hydroxide
ion concentrations in the oceans.
(0= 107%"° CoMd=_Kw _ _l_-_oo_ﬁii‘?
= .08 x0T M Dhed 70807
= )4l < 10M
9. Normal rainwater has a pH of about 5.6, whereas what is called acid rain has been observed to have pH
values as low as 3.0. Compute the ratio of [H30'] in acid rain to that in normal rain.
\ -32.0 -3
aad 10720 10-107 g4
normal g TSE 5 sap dic Lo
v
. . “ N O & mor¢ &kl
Acic voin is appror mately F00 Eimes mort EEHC T
10. The value of K, in water at 25°C for benzoic acid, HC/HsO, is 6.46 x 107°. Calculate the pH of an
aqueous solution with a total concentration of HC7HsO; of 0.0200 M.
HGHsO, +H, 0= B o™ v G0, 7 LG # 05 = xZ
0 .02060 O f> 00200
- X * ¥ ¥ -6 2
24 =X
0 .0200 % x X 1.292 =~ 1O A
_ X = JI¥ = 10
Ke = Uy 3TGH0, ] H= —log Clit x10™)
- — 1D .
LUGHSO, 7] Pr "4
x) (x) 1

L.4G <« 10°° =

O =%
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11, Sulfamic acid, HOsSNH;, is used as a stabilizer for chlorine in swimming pools. Calculate the pH of a

0.0400 M sulfamic acid solution given that K, = 0.100.

2 \
HOLSOH, + 1,02 O3SNW,~ » HOF x = =DILp -4 Yoo
a.iafoo +O>< o, 20)
0 - 0400 ¥ ”~ ¥ X = -0.00 % 0-02®0
PR 4
Ka = COSNONTI0H0] o.ong -i. toooxo- zw >
T O —-0.
CHOSNH, T O = xZ +0 .100« 8 X= -0.31 s, 0.080L
0-[00 = A
,Cc_ﬁ_) N FH” - logq (0.030¢)
0.0400 —*
= 5l
(01060 .0400 -&) = r?
12. Calculate the pH of an aqueous solution of 0.150 M HCIO.
KOO+ O Clo™ + Heo " 2.4 =108- x2
> o
D:10 o OO
O\S0 ~X X % ..{,_35,‘ 101 = x2.
.8
Ka= LHo'1CCI07] X =bbx IO
LHcio] sz - log (b6 40“5
2.9 - 10t = (x)x) = 4o
D160 ¥

13. Suppose two aspirin tablets (1 tablet = 324 mg) are dissolved in enough water to make 500.0 cm® of
solution. Compute the pH of the resulting solution if K, = 2.75 x 10™ and the molar mass for aspirin

(acetylsalicylic acid) is 180.15 g/mol. Ka = CiotJLAT]
_ - CHAD
2 Eablets = 2(324) - £48 my 0'64?5 2%~ 167 = (x)x)
mel = 0.648 9 = 0.003L0mel aspirin D004 - X
lﬁo.lfb/mo/ (,7.‘7Sx /0~3)(o,oo7;c,_,): x?
C =0.003 bOmoL = 0.6/ M 198 21077 29Ck Py = x? .
D.%000 dmd B Oz xZv 2716 10%% -1.48%107
HA + W0 = Wo' +A” %= =205 10652 [(2.18407%)E - (41 )(-14¢€ #1077
o
0 .9?('1\‘1 & b 2 ()

0.00119-% x x X =-2 76 10%r 250 10"

2
-4.59« /o -1 or 4.2l x10~Y
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14. What is the hydronium ion concentration in a solution of 0.100 M CH;COOH and 2.00 M NaCHsCOO?

Na CH,C00 - Na* s CH 006~

CU,COOH = H* & (00"

0.100 o 2.00
- X +X + X
O-100 =X X 2.00+tK
¥a = CWICCH o007
C CHyCoot ]
|2 x107° - W)
(0 100 %)

(0.100 -x )(\.&; Io"%)= (7‘ XZ.OOfx)
|.% A lO‘Q -\1.2+ [O"S x = 2.00x + N
O=x% +2.6008x- \£x10°¢

X = -Z.oooo:&i\}z;;aoaow)z-'w)éz.z~ Io“)‘
20

= -2.000012 2 T4 o042

2
X = ~2.00 or .00 x|~ !

EHsO*] = 9.0« IO:I M

15. What is the hydronium ion concentration in a solution of 0.0875 M HCIO and 0.0550 M NaClO?

NoClO = Na* + ClO~

HCIOS= utY s clo”

s.0218 O 0 .0650
~X +x » x

0.0875 -x X 0.0830 +x
(e~ Cwateod

[ Hco]
29510 = (x)(
(0.0875 —'x)

(245 10:0)(0.08715 <) = (x)(2.0550 +x )

2.5375 ’“/O_q~ 28« 10'5)( a 0.0850x +x 2

= x% 4 0.0850x% - 2.53K x 107"

X = - 0.0550% [(0.0860)- 4(1)(+2.5315 % 10%)

2(1)
X =-0.0550% 0. 003 025
2
X = ~0.0850 % D.05860
2

X = -0.085 ov 4.6 >¢/O-8

CH0'] = b - /0‘&%)
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@ What is the hydronium ion concentration in a solution of 0.0875 M HCIO and 0.0550 M NaClO?
HeIO + H,O0 & H,o" + a0~

0.0875 ¢ 6 0550
- % +X +A
0.0€75 - % x 0.0550 +%

29<10°%= (%1(0.0850 -x) LHo'T =%.6 /O'“‘W
(0.0815 -x)

(29-107%)(0.0875 - %) = (x)(0.0560 + X )
2.5375  107-29. 10" %% = 0.0550x +**
0= x*+0.0850 % - 2.8515-107"

X = -p.05502 /(5.0850) y())bz 5315 . 10)
20)
K= -0.0550 % 0.0850 5 - -0.058 or “44xjo®

—

2 -
Z%: Calculate the [Hz0"] in a solution that is 1.125 M CHsCOOH if enough NaCH=sCOO is added to make

the solution 0.5005 M with respect to the CHzCO0?

CHsCOOH + H,0 = CH C00™ + HyO"

l.125 ’3 o
- + % + x
].125 -x 0 .5005 x

18 x 1075 = (0.800%) (%)
).125 -X

(1.8 - /0‘5>(l:125*7() = Q_.500514 [Hg,oijf‘/' Dx (6°S M

2,025+ jo-F = 1.6 J0Bx ~0.B00%X

2.02S5 c 102 0.500 482 %

X = 4.04¢ <05
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7
. A solution was made up to be 0100 M in chloroacetic acid (HC;H,0,Cl) and also 0.00200 M in
sodium chloroacetate (NaC,H,0,Cl). The K, for chloroacetic acid is 1.36 x 10™. Determine the pH of

the solution.

HOH,0,61 + O & HO' + CLH, 0,01

D./00 & 0.602 00
- X + X + X
0.100 -X X 0.00200 +X
}.36 - Jo 3= (x ) (0.00200 41) VH = - /Oi (0.0/0/)
(0.100 -x) = | z.00

0.00t36)(0.100-x) = D.00200=% +X*
0.00013 - 0.00/ 3ox = 0.00200%x + Al
O0=x%+ 0.0038x - 0.000 136

X% = -0.0033% * /(o.ooa 36 ) - (4)1)(- 0.000 134)

22X
K= -D.00336 * 0.023%¢C x = ~0.0185 o, 0.0/0/
s
/5 . Find the pH of a liter of solution, in which is dissolved 0.0800 mol of HC,Hz0. and 0.100 mol of
N8C2H502.
HC?'H6OZ_ t HZO ﬁ H’so+ * CZH'so}P
0.08 GO 2 O 100
- + X Ll &
0.0200 -« X 0.100 +%
1.8 -107° = (x V(040D +2) K= =100 016 */.100 018)* 40t
(0. 0800 -% ) 20)
(0.0800 -x )(1.8 -10°%) = 01400 x + x* A=-proo0i&t 0.100 047
LYY 10 -1.8-10%x = 0.100 % +1c"“ ) 2
O =xZ+ 0.100 1% - h¥¥ 107 oz~ 010 n 141075

Hz= -log(1.4-10%)
P 48]
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i @ 25.0 mL of a 0100 M HCOOH is added to 35.0 mL of 0.0500 M HCOONa. Determine the pH.

HCOOH + Hyo @ Hy0' 4 Heoo™ (€= [Heool] = (0.00)( 250)
Vv
> 00 .0

D. 0411 0 0.0292
-% +x +K = 0,0417 M
0-0411-% %X 0.0292 +X LHwoN«g = (0.0506 )(35.0)
0 .0
18:10°% = (x)(2.0292 +x) = 0.0292 M
(o.0417-%) e

Co-0417 -%)01.& - 107%) = (x)0.0292 +%)
15%10°“-1.8%10 % = 0.0292%x r x 2 f/?l: -lo (2-6 » /0"’)
= |3.¢§

O=z&x* 4+ 0.0293 x —9.5 .+ j0°

x = -0.0293 % [ (0.0243)" - (4 (1 )-7.5+ 10™)
(2)C)
A= -00243% 0.0299 x = -0.029

ov
Z 2.5« o~ Y

42. 100.0 mL of 0.300 M CHzCOOH is mixed with 100.0 mL of 0.400 M CHzCOONa. Determine the pH.

CHy COOH + H,0 == CHyeo0™ +» 0T\ [eHyooh] = (p.300) (166.0 )

0.150 0.200 % (200.0)
- X + X +X = D.150M
0.1S0 %X 0.200+x X . [CH,C00Ns] = (p.400)C100.0)
“5 (200.0)
1,6'10'5: Lo.zoo ex)(x) = D.200M
(0,150 =% ) B

(0,150 -x)(1.8+ 107%) = (p.200% +x* )
27 21018103 = 0.200x +x* H,,loq(,,:sp/o"s)

O=2>+0.200 018 -2.7 x (0-° ] ?
= |4.9

- 0.200 018 -*‘/(o.zoo 018)-401)z,q.107)

X =
2 ()
X= ~0.20008 % 0.200 045 X = ~-0.20
< S o

13« (073
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