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Coulometric Titration of Some Organic Acids in Aqueous Ethanol Solution

TETSU KasHIMA, Hisako OHwaKl, KAzZUKO OGIWARA
and SETSUKO MATSUNUMA

(Received September 30, 1977)

50 xmole of some organic acids are determined with coulometric titration in LiCl aqueous
ethanol solution using Metrohm Coulostat E524, Titrator E526 and Dosiprint E533. (Table I,
Fig. 1 & Fig. 2) The generating electrodes are two platinum foils,and indicater and reference
electrodes are glass and Ag-AgCl electrode in LiCl aqueous ethanol solution. Pure nitrgen
gas is always bubbled through the acid and LiCl mixture solution, and it keeps at 25°C.

The more the content of ethanol in the sample solution increases, the more pK 4, of the
organic acid increases than pK 4, namely the first end point is clearer and the second one is
less distinguishable. Because dielectric constant of the aqueous ethanol 1s about 50, 1oniza-
tion of the electrolytes are fairly good but ion-pairs are scarcely present, and the change of
472 of second ionization is larger than that of first ionization of the organic acid,and p K; (=
19.1) of ethanol is greater than that of water (=14.0). (Fig. 7)

But the acidity of ethanol is a little stronger than that of water, so pKaof organic acid in
aqueous ethanol is larger than that in water,so it is desirable that barbitals dissolve in small
amount of ethanol and adds large amount of water, and then titrated. (Table II, Fig. 6)
o-Phthalic acid, maleic acid and malonic acid can be fairly titrated at the first end point.
(Table I, Fig. 5) Mixtures of perchloric acid and maleic acid or malonic acid can be indivi-
dually determined with this titration. (Table III, Fig. 3 & Fig. 4)
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7 —u A —%—  Metrohm ##! Coulostat E524,
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ACERIETE | Metrohm # %! Dosiprint E533,
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2.3.1. kT /—ViEHPIZ B B P RREMORE ik

Titrator DB F % Bk S 4, AR R Lo @l L 22, MERFSC0. 1M L) F7 4
15mi, 7—uv 2 ) —HEBRBONIIC 1 M L) F722ml 2 ANS, R L HEER &
DRFIZ25.0C DK E MRS, FERIZAKEERIEA ) 7 L0KEBR MUK THeis L, ZRRLRFE
RHELBETREST AT 4 NS~ ZERNE D HLEEFSETIZEL, 27Ty T A
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LI EDREBTHEITIAA L ZBILRFE 2RV 720 b, £ $@8IEHRRZ0.01M i 5 mi (50 mole)
REESHPIIMZ 0.0026M BENBHE L, 77 A—H - SE{LBEM DY EL£20~40
mV Z¢icty P L, 1 ~20mA DEBRCTERL, HWEENZOH H5V13C.H;0 Du
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BIIHORT TR, 2.3.1. CTKOPMAEIZ A5 F TEBL, Pz - 23k F7 4
EME s, AHEEE 0.01M AW 5ml (50 ymole) #hmz, FEEKICEMEL, Kol EAA L Ry
LiERAE R, FoLanEMERE s L, (Fig 1 & 2)

mV
400 +

Acetic acid Benzoic acid Barbital

200 ¢

—27

—113

—200 1

0 ' 50 "0 ' 50 "0 ' 50 Tueq
Fig. 1 Titration curves of 2.5X107*M monobasic acids in 0.1M Lithium
chloride in aqueous alcohol solution (C:HsOH : H,O 1mole : 2mole)

at 25.0C
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mV + +
400 ¢ Fumaric acid Oxalic acid T
200 4
‘1
0 l 17
T
—200 4
0 50 100 0 ) 50 100 weq
mV +
400 + Malonic acid Maleic acid +
+
200 1 b 1499
1180
| i
0
- 95
-200 1 +
0 ' 50 ' 100 0 ' 50 100 " ueq
Fig. 2 Titration curves of 2.5%107*M dibasic acids in 0.1M Lithium chloride
aqueous alcohol solution (H»O: C:H;0H 2mole: 1 mole) at 25.0C
2.3.3. AREOBE

RITHTRD 7 EE BB O ER SN ENIZ Titrator o HEY 2+ b L,

1 X107'~5 X
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2.3.4. BIEFER L HBREOREYDIEE

F U LB HE THRIERBEOTHEMR L £ NERMBEL KDLz, DWW THEEHREL 2L A
/M&Uﬁimiﬁxk?u/ﬁ*“m(ﬁ‘: WOBEMME KD EZH, TNENFE2 BRBARVE

LA TERITRETH-72, 2N F2 BEIBEFBOYE - HEEE 1 BE0H
mét EI3ILMFHI 2B REICHNSL 2,
P boBlETRH-E 2 EganBEAMA Titrator (2 FL, FOEBMICWI 5T THOYE

BAEicHEE, F1EMEMRICEI LA TEL Y ERLRHIEL I EI2LY,

J@imufi
B R UABBENOTIERZ T -7z, (Fig. 3& 4)

mV

400

Perchloric acid
+

Maleic acid

200

01

—200 1

0 50

100 * 150 neq
Fig. 3 Titration curve of 2.5X 1073 M Perchloric acid and
2.5X103M Maleic acid mixture in 0.1M Lithium

chloride ethanol-water (1 mole:2 mole) solution
at 25.0C
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mV L
400 4
Perchloric acid
+_
Malonic acid
200 +
04 T
- 200 4 4
0 50 100 150

req
Fig. 4 Titration curves of 2.5x107*M Perchloric acid and
2.5X1073M Malonic acid mixture in 0.1M Lithium

chloride ethanol-water (1 mole:2 mole) solution
at 25.0C

2.4. EBRFER

2.4.1. fHtsEonEm (Table 1)

Table 1 Coulometric detemination of 50 gmole of organic acids
in ethanol - water (1 mole:2mole)
. . pka dpk mid point end point  Found
Organic acid )

in water mV mV peq S.D.

Acetic acid 4.76 162 20 49.89 0.27
Benzoic acid 4.20 176 - 27 50.77 0.58
Barbital 7.98 - 19 —-113 52.86 0.87
henobarbital — 8 - 90 55.37 0.90
Amobarbital — 25 —110 56.12 1.58
o- Phthalic acid (1)2.95 } 2.46 280 194 46.98 0.11
(2)5.41 94  — 38 98.65  0.90

Malonic acid (1)2.85 } 2 84 281 199 49.77 0.13
(2)5.69 89 - 36 102.08 0.72

Maleic acid L1)1.92}4‘30 313 180 48.98 0.31
(2)6.22 37 — 95 107.83 0.43

Fumaric acid (1)3.02} 136 264 — —_—
(2)4.38 187 10 106.98 1.58

Oxalic acid (1)1.25 } 3 09 311 —_— —_ —
(214.27 206 17 104.99 2.93

Tartaric acid (1)&04} |33 246 —_— —_—
(2)4.37 170 — 14 110.00 2.84
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KBHAIZIRTKRT S 2 — LB TR, BBIMEIC T > 22 8 &g - THEREH D
LiEb7, 7277, 2ffioEs, <L {Ff, <o B, o-7ZLEIZEL, 208 1 4800,
KB IE~EEEIZm L, i, 0- 7 NEBETRZS /L ZE 138, B 1 B
|3 BEmE & 7 - 72 (Fig. 5),

mV

4001 1

2001

— 200 4

0 100 ) ) neq
0 100
0 100
Fig. 5 Titration curves of 50umole of o-Phthalic acid in several
soluents at 25.0C
Solvent (a) H:0
(b) H20: C:Hs0H 2 mole : 1 mole

(c) H:0:C:Hs0H 1 mole: 1mole

2N E g —VEIE, KIZEITIZC L, BREICEL Ty VBB S HAEE L v
A5, ERICBELTL, 8 —nadhunii YRIEREDNE L 72 (Fig. 6, Table 11),

Table II Coulometric determination of 50 umole of barbital

in several solvents

Solvents mid point end point Found

C;H;0H : H.0 mV mV ©eq S.D.
mole mole

1 : 2 —19 =113 52.86 0.87

1 . 5 15 - 79 52.00 0.64

1 . 20 27 - 68 50.97 0.40




mV

400

200 4

-+

0

50

Fig. 6 Titration curves of 50umole of barbital in several

solvents at 25.0C

soluvents (a) H20:C2Hs0H

2.4.2.

Table Il

(b)
(c)

B REE & AEROIRAM DS HIE &

2mole : Imole

5

20

01
01

Organic acid (50 gmole) mixture in ethanol - water

(1 mole : 2 mole)

Coulometric determination of Perchloric acid (50 gmole) and

No. 22 (1977)

mid point end point

. pka 4pk Found
Acid )

in water mV mV neq S.D.
Perchloric acid _ 322 70 49 .66 0.24
Maleic acid (1)1. 2}4 20 313 180 48.98 0.31
(@p.22) 37 ~ 95 107.83 0.43

Perchloric acid 171 98.83 1.9

+ Maleic acid — 99 154.92 3.6
Malonic acid (1)2,85} ) 84 281 199 49.77 0.13
(25.69) 89 - 36 102.08 0.72
Perchloric acid 181 103.62 2.48
+ Malonic acid — 84 154.53 3.51
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WEFEE eV A VB R EIERREE v o VB DIREWIE, B2 LEN TBIERBO Y
FEBEEOE 1 LENGitrkE ), BILEA T2 ONEOEIHER TE 7z (Table 1),
HRNHA L ERE, KERP L) LE3 LR THORERMEIIEL 2,

3. EE

IF/—=NDFEERIIKRELN AN KD, SHEFE L UERL2ERIZELV TS /—
WH 1, KH2 DML TE DFEFIIFNS0P L0 bh b, 44> DREEHRIZTTEET, 14>
NOFEHEZV LW DEEZ LN, LaL, 2ioBENPHIRIGE EZ 5 &,

HA + OH- — HA- + H,0O (1)

HA- + OH- — A% + H,O (2)
QRORIEDIE ) B EFDKTOHEL % HTHDT, pKa, £ V) pKa, DA K E <,
ZDE ApKald ¥ /) — N Z @AM T 212 O TRELS LD, E1ERIHBBEICL > T
7z, (Fig. 5)

T8 /—NOHACHEEEK pK 1319.1T, KDl4.0L D KEWD, TKZZ /—NLTI3 15
~16EHEHRELALT, FRISKHL T Y/ — L DEETEIZK L ) 200 T2, R iEE
Lk BRENOEIImMEOMIZIZIIEAEENR N L7, W E S =L TIE T KE
MEVIEERMBEEHRAENDVWTNLRLS LD T, 2BOIY /7 —NIZED L THHKEN
ZCHETHZ EHHE L (Table 11, Fig. 6). 1ffin&EThH 2FEEL L OREEHRTL, ©
LAGBEERADIZ L wElbns, 2L, BEFZ Y/ — 250700, RIGEEHE
e B2k, RN DOBILIKFEDORENIIH, B AL S b s o KEREE L L
ZDORKNEEZ HNLB,

OB S bo-T7 I NEE, eu B BLURULACETIIZY ) L EGEHIEVIIEE
1 #EDHBEICZZ > TN T (Fig. b), BIERETERT D LW Z LN, FZ o-7
FNEEIIIKDABEBEHE L2 E3E 1L REIRD LN - 72h b, TRk ¥/ — LG
AE ) BERATKE W, TS, pKa, (A5 4 IEBIR X wWizH T Z S — L RO fEw
ApKah " KEK b lch e EZ 5N 5,

TeNEE, L aEEB L EABEOE I KA AHBE L O TE2RAETERL 125, KDA
REHE LAY FEERICHED SOBRESZ SN o 12, THUZ 7 VEE B L N AR
13 dpKan 1 ALLF E/NEWTeh T, L 2 TEEDSEAIXERHIZ L ) WIBUEYE Z L b,

BIEFREE LA S BEE o B DIREMOHEEIIAREED PKa, HKEVWDT, H
1 #EAKDOBAE L DVBEBICZL Y, B1IRATHEDEIED, B2HRETHE I H£ADEND
HHEED B @mHKed> b 7z,

sHEEIO pKa H,0) ¥, kI —LiEthhcRahi S e AoRES L OlE+
Fig. 7 TRL 724 &z s L #HBIBFRICH Y, 1pKa L 04 66mVIicHYL L7z, LE ¥ —
B L 2780 pKa, 2 OBIBFRL: L TN TW5h5 RiFE7r - =/ —VEERME
KT ELY ) —NDREBSEZ LN, BEICOWTIIRELPERBEIHS L X ICBLET
VER %22 57Tl rEZ L5,

2) G. Charlot, B. Tremillon, ik, &R @ @b o LG & E4 "1975, HE,
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pka(H:0)
84 o— Barbital |
— (Phenobarbital)
71 1
6 < . . +
Maleic acid(il)
Malonic acid(il //o
5+ o- Phthalic acid (1) /ACCt]C acid i
/Fumaric acid (i)
d- Tartaric acid(n)*oo & o—Oxalic acid (D
4T Benzoic acid /
. o-Phthalic acid
31 d- Tartaric acid(1)—° l //Maloniécaii:j(g)"
Fumanic acid(1)
T Maleic acid(1)—¢
Oxalic acid(1)—°
1 -
0

0 100 200 300 |V mid point

Fig. 7 Comparison of Acid Strength in Water and Ethanol-Water
(I mole: 2 mole) at 25.0C

SNNE S —IVEHD T b S — VH BRI DT, Slesarev 5% 2k Bk,

0
NH NH
co Se=o
. -
OH

0]
Tricarbonyl form Monohydroxy form
(TCF) (MHF)

ThHLEEZ LN, T/ —L2EEFTIIETCFIZBITLTS, 29, MHF#&'TC
Flolsc L <k kEAmttdA L, MHF 2SRRI KFIE NS0 5 THE, FHEEDPS
LMHFEO L DL T WZ Ea'bh b, 20z, L7/ —NLDfFEIZLY, il
FTNLEER, Bt 2EGE» LD TNEELSE L bNS,

T EE L A SR RYEREIRIC H Y, 7o LB trans, <L 4SBT cs RIEE R

3) V.L.Slesarev, B. A. lvin: Zh, Orgn. Khim,, 10, 113~118 (1974)
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LoTwd, 2AL B2 NKEX L NAEFEWIHOHEERIFKEL, F1ENOHEE
IS L & - TRELT 5,

9 9

I
HC 0

| - | N

| H H g + H
H : .

I |

OH 0

LaL, 7=LEIEZ0OMAERIINNE S ZORERIZSE S,

el e LT3, 77 AEBEFER LY, ZOFREICL N 77 2KEO TKIKEIZHE
LA iudze e v, JEKIBHE, FRCMAAH T2 28 /= VEDBENTIX, ZOREYS
b 5, KiswbIcle~N, SRy 7 —ndTid, HBELHE L, FIF CRE2ITA ) 1212/
HAS, eh e R TE - 72, Carson b 12k 2 X, 2HOY T 28l & R HIZHHI L
REDOHELH LY, ZOFERBEICEL T3S ERFTORMYSS 5,

AL AEENEL & & 57 U Titrator (24~ b L, Coulostat (2 & O IR L 7:AL EN &K %
WL TFDEMIEL 72 & X HBICEREIEL, 2N F TIZELCERLY « HETHRLE
B, COEBEIGEFZTET S OH 55 vz CGHO (2 L 2B FAIG & DR Dk
IS AL 9 b8, BRI CIERERZ/NS L, FRHIKICERTEKRL Y /7 —
AT ERZENE D EAND T DEENILETH - 72, L L, HEEld, 7"] B CAT 4 - 72 )5 95,
TEMCIRFEZE DM OB L FITH Z Eh b ez, TREDWERIZ RELIR D) HiK A kX <
L, 573 LULMEIEITL ThsEREDI(CTH L ICL,

4. &

L) F 7L nEKRLS /= EEBHREWE LT, 50umole NEHEEE (2.5X107°M) 7 4 (F
12 EtE FE R & AR OIRE A& B & Metrohm $t#l0y Coulostat E524, Titrator E526 Ji (r Dosi-
print ES33 % K ##lAAbE T, 2HOHEEME BAEERE L, 77 28R - H{LFREME {5
REM E L, REETICREREIZAZ2BL L 525.0C Tr7—a  BELITE - 12,

KICEERME D/ NLE 27— KL, DBAT Y /—IVIZIEHRL THh o, KEDKEMZ CTilsE
T 5 EHERIBLNDZ L b7z,

B /=N TR M iz oNT2L 4 B, o BEL) o-7 7 0WENE 1
WAHDHHEEE ), B2HRUEDLTHBEIZ L > T 72D T, BLRETERT H11 ) »EMET
Hote, 7oNEE L a7EEBLCEAROE 1 RSIIABEE L DT, B2 & TREL 2,
HFENIOBBEIIZ SN2,

I F =K & ) REEEASE VA T H UBBMEE B pK 13K L D XK E WY, TKE
DA p M S D ELD HIF LN BRSO pKa |3k pKa S i3I HBIBRICH 2 2 & Hkh
H L7z,

4) W. N. Carson, Jr., Poy Ko : Anal. Chem. 23, 1019 (1951)



