Announcements - Lecture XIV - Tuesday, Mar 20t

1. iClicker: itk -l Pickany letter a-e
2. Quiz6: Duein class on Thursday, March 22,
3. Examll: Moved to Saturday, April 71,
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16.2 Waterandthe pH Scale
Autoionization of Water - Neutral/Acidic/Basic Solutions

A solution at 25°C hasa hydronium ion concentration of
4.5x104M. Thissolution is:

.~ a) Acidic /

.- b) Basic

“ % ¢) Neutral

[Hi0*] = 45%10™

[M30* ] Tow] = vuo™ @ 8%
(4.5x10™) [oW] = 1xjo™

.o jrio™
[oW’] Rk
: 2%v0™"

[H20'] 7 fon’)
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16.2 Waterandthe pH Scale

pH and pOH Calculations
5m amoi : P‘ 3 -Roawf
pH = ~Jog,, [Ha0') pON = -Jog,,TOW)
@ 25°¢ (ha0'3low] = yxi0™

og.o (120"J[0H]) = foge(iri0™)
fog [M30) + g, W] = -1t
= Jogio [130'] - fogoLow) = 1y
L . J L . o

fH POH

[I’““‘?“‘* - 1t @ 28°C ]
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Waterandthe pH Scale

16.2

Autoionization of Water - Neutral/Acidic/Basic Solutions
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16.3

Acid and Base Strength
Acid and Base Strength

Acid Tonization

Acid:

= HsPO,

o CH;CO.H
O H,CO,

= HCI

© HNO,4

o HCIO,

Six Stong Qcids:
HO HNOs
H@r HaSOy
HI HCO0y
Six Staong Poses:
Li O Ca(oH),
NeOH  BoloWy
KOH Sr (OH)3

lonized acid is indicated by
red in the above diagram
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16.3

Acid and Base Strength
Acid and Base Hydrolysis Equilibria, Ka,and Kb

Werk Rcivs:
HReq) + Hadm & Hao'+ A
Ko = ;HiU+]Lﬂ.]
[HA]
Weax Bases:

B + Ma0m =7 B+ O

Ke = [’B“*B!]IUH'I

Slide - 106



16.3

Acid and Base Strength

Acid and Base Hydrolysis Equilibria, Ka,and Kb

In‘I‘E Values K, Values
Name of Acid Acid K, Name of Acid Acid Ka
Sulfuric acid HyS04 large Hexaaquaaluminumion  Al(H,O)s%* 7.9x10°
Hydrochloric acid HC1 large Carbonic acid H2CO4 42x1077
Nitric acid HNOg large Hudrogen sulfide H>S 1x10°7
Hudronium ion HO* 1.0 Dihydrogen phosphate ion H,PO4~ 6.2 x 1078
Hudrogen sulfate ion HSO4~ 1.2x1072 | Hypochlorous acid HC10 35x107®
Phosphoric acid HsPO4 75x10°% | Ammonium ion NHg* 5.6 x 10-10
Hexaaquairon{lil} ion Fe(H,0)g** 63x10°2 | Hydrocyanic acid HCN 4.0x10°10
Hydroflueric acid HF 7.4 x1074 | Hexaaquairon(ll) ion Fe(HoO)g2* 32x10°10
Formic acid HCO,H 1.8x10% | Hydrogen carbonateion HCOg™ 48x10°1
Benzoic acid CgHsCO4H 6.3x10°3 | Hydrogen phosphate ion  HPO42" 36x1071
Acetic acid CH3CO,H 18x10°5 | Water H,O 10x107H
Hudrogen sulfide ion HS- 1x10°19

Songen the Ha, te skaumgen the acid.
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16.3

Acid and Base Strength
Relationship Between Ka and Kb - Conjugate Acid-Base Pair

Acid:  HAqag) #’ + Lonugtle Ruse

L__-H
HAop + MOm) & H0' + A W= He
¥ A+ hom & HAQ 4 on U = Ky
2 Hao() & H0* + oW K = Koy
L Hw

[ Kol =B | > fo o commph 00 o

%: (m amon octing 050 Jose ?
Ne nill oddiess Yhis v moe detoil shoathy.
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16.4 Estimating the pH of Acid and Base Solutions
Strong Acid and Strong Base Solutions

Whatis the pH of an aqueous solution of 1+15>;10'?M hydrobromic acid?

HBr |+| Ha0 |2 | HaO" [s| B
| syie? 0 o
c|-1sxi0™? jasxio? | | 1ismo?
| O L5102 | 1isxio?

Her : S\'tna Qeid, [H0%] = )asx1073

o A ( %)
s - 1150
1: dalio? concentmalions P Poam
L Chomge in concomtactions -

E: Ayuilibriun toncentRalions
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16.4 Estimating the pH of Acid and Base Solutions
Strong Acid and Strong Base Solutions

Whatis the pH of an aqueous solution of 0
1.0x10-°M sodium hydroxide? " pH=7.0
NoOH |+ = | Na" 4 oW
1| voxio® ) o
c|-1.ox 1078 1.0%10°5 [ | 1.0x10°%
| O 1.0%10°5 | | 1.0x10°3
NoOR = Stong Dose
Ly Dissocioks 100% pH + pOM = 14
ph v S = 1%
[oN) = 1.0%10°¢ M= 9
pOH = -Jog, (1 0110°¢)
= 5
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16.4 Estimating the pH of Acid and Base Solutions
pH of a Weak Acid- Quadratic Equation

Calculate the pHof a 0.372M aqueous solution of hypochlorous acid

(HCIO, Ka = 3.5x10-9).

HUG - ’H;ﬂ ﬁ) l'\;tl* + UU-
1| 037 o (o]
c| =X p X
£ 03712 X X %
Ko = LH:D*][EQ'I
mﬂﬂ]ﬁ,
8. (0(x
il (0.372-x)
4. _ X
5Y10° =
3510 (0.212-%)
35x10-8 (0.212-%) = x*
x* +3.58%10°%x - 1.20ax10% = 0

0=\
%« 358w } X = B2 Bt bae

c =-1.302*v0 24
XsLmno™t =L
Disaegond

x = Linxie’ = (Rso']

ph = - (Limvio™)
= 39%

Wil this method is the rost occunde SuY Sﬂyﬂll'ﬁ g
qudpiuﬁt com De fnu“mn‘ti on ‘Bod rath doys’ V..

as w ov exam days '

Slide - 111



16.4 Estimating the pH of Acid and Base Solutions

pH of aWeak Acid- Approx Method

Calculatethe pHof a 0.372M aqueous solution of hypochlorous acid
(HCIO, Ka = 3.5x10°9),

+

x* = 0312(3snod)

Heso Mo [@ ] Hso @0
1] 0312 © 0 x = Joaal35v0®)
| -x X X
£| 0312-X X X X = LN = [Ho')
42 THA); 7 10000 then THAL;-x is % [HA); N = - fogo (11w1¥10™)
= 394

0.21% 7 1o(35v10°%)

hus 0.312-X % 0.31%
Short cuf : sana as [HA): > 100NKe
K - [H;Dﬂ[ﬁﬁ']
y [Ha0]
3 XX
51 =
35110 0.312%

x = J0.212(3.5%10%)

[nm
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