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Extraordinary properties of Water
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Nonpolar (H|="4)

* sharing of e  in the bond is equal
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- Carboxylic acid (-COOH) - COO-

- Ketone (C=0)
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1. Hydrophilic (

=0 ==L

Gl

2. Hydrophobic (

AHOIL SEEZRHW Z2 w7/ E0H0| ==L

Gl

=
=

H]

A

A, =

3. Amphopathic (ZZI0{4):
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L 3} (emulsion)
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=2 #=d0| 2 Olwc = =4 {9
TH2 T228g WE0|0

| 524 SR )

£ =Ap =£=3(c) #3(C)
2(H,0) 18.02 0.0 100.0
2ZLIOHNH,) 17.03 TT.T -33.4

HEIRl(CH,) 16.04 -182.5 -161.5




=2| 2 HolotL

Ice is 10% less dense as a solid than as a liquid
~>850| =270 £= O+

> BFEYS WSA £B B 0|S

Ice T Liguid water

Hydrogen bonds are stable Hydrogen bonds
constantly break and re-form
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What Are Acids (AH and Bases(97]) ?

 Acids are proton donors (=250 A|)
 bases are proton acceptors (=28%))

¢« HA <« — H* + A
o g7

¢« HA + H,O « —» H;0* + A
A @Y T HE




(=A) ot F7[= 8o EMK

(CH,),NHT/(CH,),N
"HN—CH,COOH/"H;N—CH,—(C00"
"HN—CH,—(007HN—CH,—(00"

“00C—CH,—C00H/ "00C—CH;~C00"
“00C—CH,—C00H/H00C —CH,—COOH
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4. pHR} pKa

1) pHE 8% 5 £20[2 &9 Ofo|L{~ =+

pH = - log {5 [H+]

2) pKak Ka &, At 82|40 Oo|L{ A Cf4:

pKa = - log ;, Ka




1) pH

2 5 =402 9| Or0|HA L=
pH = - log 15 [H+]

o) 103M HCl =2[H*] 7} 103 M A M
d12{B&2 pH = -log,, 103 = 3 O|LC}.
a) 104M NaOH -> [OH-] 7} 104 M A M
1282 pOH = -log , 10% =4
pH + pOH = 140|222
104M NaOHZ2| pH&= 10 O|Lt.




Kw (29| 0|2X)

e« Kw = [H*] [OH ] = 10* 2} HHo|otLC}.

e -log [H*] [OH"] = - log 10-14

« pH + pOH =14




pH= 2 S8 2H7I?

RN

J8 2.14 pHOf 22 24 E, E8Y, 2fo|aRid2
25 pH 2N 40| 71E FEHo[ct Eil= #80iM 2
Hel= 23ta 20 ofsl Kla3i=0l, o el 2= 21510f
M Zoi 28] UCk ERAE pH 6 280 71 280
A0, 2lO[AIAE= pH 5 ZE0M M &S 2210t



Acid dissociation constant, Ka (AF S} 2| Ak<=)

Ka = [H*] [A]
[HA]
Ka: £to| ZE & LIEfL &= =X

Of]: Ka 7 101, 102 QI ArO| QULE.

O & M2 Bt &2 A27




Kall pKa2o| £tA

« Ka= [H*][A]/ [HA]
of: Ka 7} 101Ql At 1710 Mz
KaZp 102 QI 42 1/100 ZHe|

O8Z 2 Ka 7} 101 QI AtO|
Majote{s 40| yE4E

o= -
= Ka 7} 1019l At0| KaZ}

—

o

2 grt Me|stele
 Abo|ct.
Ol AbwiCh ZbAto|Ct.

1
7ol-

O_

Ok

N

Ka2} pKa2| Al : - log ,, Ka pKa

Ka ¢X0| 10| E[2
Ka ¢(0] 27} =lCf.

© O




o 7hR] Ao sfEjats
A

A H A K, Pk,
TEEM CH,COCOOH CH,COCOO 316%10™ 2.50
ZEM HCOOH HCOO 1.78x10™ 3.75
MM CH,CHOHCOOH CH,CHOHCOO" 1,38 %10™ 3.86
HIZE A C,H,COOH C,H,CO0 6.46 x 10 4.19
OLME Lt CH,COOH CH,COO' 1.76 x 10° 4.76
etREo|2 NH,’ NH, 56x 10" 9.25
SAH(1) HOOC—COOH HOOC—COO 59x 107 1.23
SA(Q2) HOOC—COO "00C—C0O0 6.4x10° 419
L2AH(1) HOOC—CH,—COOH HOOC—CH,—CO0" 1.49x10° 2.83
U2 (2) HOOC—CH,—COO" "00C—CH,—CO0" 2.03%x10° 5.69
arAt (1) HOOC—CH,—CHOH—COOH HOOC—CH,—CHOH—COO 3.98%x 10" 3.40
akAt(2) HOOC—CH,—CHOH—COO0" "00C—CH,—CHOH—COO 55x10° 5.26
AAIAE (1) HOOC—CH,—CH,—COOH HOOC—CH,—CH,—CO0" 6.17 x 10 4.21
ALIAt(2) HOOC—CH,—CH,—CO0 "00C—CH,—CH,—CO0" 2.3x10° 5.63
EHA (1) H,CO, HCO, 43%107 6.37
ERA(2) HCO, GO~ 56x10" 10.20
AEZ24t (1) HOOC—CH,—C(OH)(COOH)—CH,—COOH HOOC—CH,—C(OH)(COOH)—CH,—C00™  8.14x10™ 3.09
AEZ4(2) HOOC—CH,—C(OH)(COOH)—CH,—CO0" "00C—CH,—C(OH)(COOH)—CH,—CO0" 1.78 x10° 475
AE24(3) “00C—CH,—C(OH)(COOH)—CH,—CO0" "00C—CH,—C(0H)(CO0)—CH,—CO0" 3.9x10° 5.41
QI (1) H,PO, H,PO, T95:x40" 2.14
olat(2) H,PO, HPO,” 6.31 x 10 7.20
oI (3) HPO,” PO,” 398x10™ 1240

© 2006 Brooks/Cole - Thomson



endeson-Hasselbach equation

- Oftol Sf2[ M40l pHE oI AE WA

Ka= [HT[A] =F0| logE F5IH
[HA ]
log Ka = log [H*] + log [A"1/[HA ]
-log [H*] = -log Ka + log [A"1/[HA ]

pH = pKa + log [A]/[HA]

« pH = pKa + log [SYE7|l/[S G LH

. 80| pHE EXYshe BT 7|
fgs 2Tt




O ENS 22l S0AM O JEi =

S 7

« CH;COOH, pKa = 4.76

» 22| 52| pHE 70|2t11 o H
pH = pKa + log [ 9 &7[l/[E G4
pH = pKa + log [CH;COO]/[CH;COOH]
7 =476 + log [CH3COO]/[CH3COOH]

log [CH3COO]/[CH3COOH] = 2.24
[CH3COO]/[CH3COOH] = 1072% = 174 =174/1

2t 22| oM =42 CH3CO0-9| YEjZ
%, O| 23tEl HE 2 F2 EXYotct.




pH7t &0 ASEY2=Z 2l pHZ} 50| ASZUCE 2l
SOREICY, pH7t 2k o|ct, FOIEIC, pH7t 2 Ho|ct,




« S22 99ml (pH 7.0) 0f 0.1M HCl 1ml=
NS [Mjo| pHO| HBIEFL ?

- pH 3.0

O

—_ = L

0.1M HCI lmI% 8= o] pH Hater2 ?
- pHO69

« pH 7.0Q1 QALY =200 99m] (pH 7.0) O




S5 99ml (pH 7.0) ¢ 0.1IM HCI 1Iml=Z 718 =
12| pHO| Bi3tee ?

0.1M HCl Imlof| M2| =l H*o| =%
0.1 M X 1ml/1,000ml = 104 M

O|Ad= A EZEIO 100mILje| s = =HAHGHH
104M/01L=103M

pH = - log 103 = 3.0




5. =820l (buffer)
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pH 7.0¢1 2t=5 842 X=

1. pKa ZtO| pH 7.01t H|Z=8h OkAtS MEHBITEH
pKaZf0| 7.291 Q1AH0| M S}LY
H,PO, (AH = H* + HPO,Z (¥7]) (pKa 7.20)

og [B7[)/[2Y
2 +log [E7[/[BYAH
(29 7|]/[BA = 0.63

ST 29 = 063: 19 HIE2E =8




pH 7.02] =82 A o] K=

HPO,2 (Y 7|): H,PO, (AH : 0.63:1 H| 2
]

Na,HPO,  NaH,PO,




A A= EoF OlA2}

7:
L 3_I

0.1IM HCl Imlof| M2| =l H+*o| ==
0.1 M X 1ml/100ml = 103 M =0.001M

O|AFRt=ZOHY| 0.1M HCl 1ml= 7tolH
HPO,* (&7]) + H* > H,PO, (4h) ™=tEICH.
HPO,> 9| &&= 0.063 M - 0.001 M= 0.062 M
H,PO, O] == 0.1 M + 0001 M = 0.101 M

pH = pKa + log [HPO,%]/[H,PO,]
= 7.2 + log 0.062/0.101
= 6.99




HPO," HPO,2"

pH

P+ 1

[H,PO;] = [HPO,*] oH

ASK|< 7.2 = pK, -
pKa =14
I
H,PO; ; H,PO;
| | |
] ! | C 0 50 100
8 LHO| H,PO,2 % 100 90 50 10 0 AriE ol o (%)
29 LYol HPOZ 9% 0 10 50 90 100
H,PO,7I B2 < | > HPOZ 7} #2
Q H,PO, 2| HH2M H,PO,/HPO; Mo Ciet 2520 X|4S LEK ® H,PO, 2t HPO, 0| AlTlE{Ql Ok LiENY.

J8 217 H,PO, | Z9, HYZMI BEXE A0l2| 2

H

Al




25 x| o

—

25 EH0| pH Hat0f| Megots d&=
pHZt pKaEf €= [l #5550 7t &
ASKA=2 pKa -1 < pH < pKa +1

= 2—
2O = 1
b K, ]
nflection
a POLIL
H,PO;

| | | |

% HoPOj in solution 100 90 50 10 O
% HPOY insolution 0 10 50 90 100

—_ Qe .
HoPOY in excess < } » HPO;  in excess




SHAL-ZSERAL Rl gol (gok)

@ H,COs9 1 e17|9l HCOy©| $F8AS 0|27| 2
H

CO, + H,0 — H,CO; — H* +

@ H 0| Z7}E|® = H+ + HCO; —— H,CO,
@ OH0| Z7}&|® = OH + H,CO,—— HCO; + H,0




Lactic acid-Not always the bad guy

2guo 50| AQASH (pHO| A sh
MAS ZECoz M
ago| $20/20] A% 4+ A ofHX| 3FE
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