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Effect of True Partition Coefficient on the Determination of Extraction

Coefficient of Ion-Pair Complexes

Abstract—Whether (AB.) may be neglected against [Aw'] in the calculation of the extraction coefh-
cient of ion-pairs was criticized by both experiments and theoretical consideration, where [ABy] and
(Aw'] mean the molar concentration of ion-pair AB and cation A" in the aqueous phase. Ion-pair comp-
lexes were partitioned between phosphate buffer (pH 7.4) and n-octanol. Tetrabutylammonium, isopropa-
mide and methylene blue were sclected as cations and benzoic acid, p-toluenesulfonic acid, salicylic acid
and taurodeoxycholic acid were selected as counter ions (anions). As a result, conventional methods
which assume no existence of [AB,J, were proven to lack gencrality. The equation proposed in my
earlier report was confirmed to be valid as a general method.
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Fig. 1—Effect of anions on the apparent partition ‘ .

coefficients of 1.0x107*M tetrabutylammo-

nium bromide equilibriated between n-oct- Fig. 2—Effect of anions on the apparent partition
anol and pH 7.4 potassium phosphate bu- coefficients of 1.0x10"*M isopropamide
ffer. Representative data from single ex- iodide equilibriated between z-octanol and
periment are shown. @: taurodeoxycholate pH 7.4 potassium phosphate buffer. Rep-
ion, [1: salicylate ion, W p-toluenesulf- resentative data from single experiment are
onate ion, (O: benzoate ion. shown. For symbols, see Fig. 1.
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Fig. 3—Effect of anions on the apparent partition
coefficients of 0.5x107*M methylene blue
equilibriated between n-octanol and pH
7.4 potassium phosphate buffer. Represen-
tative data from single experiment are
shown. For symbols, see Fig. 1.

Fig. 1~Fig. 301 4] 47)¢] iifgo] =t} Hiwh
o] zko] %% TBA, ISP @ MBe] dAgto] =
of. & FEIHAYC. R aniond B E & [B]
7} R3] F 99 APC{fi~} TPCo] 2 Fig. 1
~Fig. 302 2 ¥ TPCfte] © 2k =] (order)
E AAE F o, e 6K Kird
e parel HBed (BlY 495e 7
gl dEFF F A Aok KA A=
®R z27d ChH = H7 girEA
# BJE =243ld 92 Ax4ue A%y
o}, & Table Ioj= EJET FEA9 dA,
dBsl 3 SF#Ee pKaol EalAE At
9ot

Ion-paire| K;, TPC & K.—(6)Xc] w24l

(B, (B.7)-dA_
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o graphel 4 A4 & BIAREE A4 2
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o] Aglsldrct. Table Il A TDCs}9] ion-

Table I—Partition coefficients of cations (dA) and
anions (dB) between phosphate buffer
(pH 7.4) and n-octanol with cited values
of molecular weight and pKa. For
abbreviations, see text.

Mol. wt pKa dA(dB)

Class Compds.

Cation TBA-Br

322.38 strong 0.101

ISP-I 480. 42 " 0.073
MB-2H,0 355. 89 4 0.153

Anion Na-BEN 144. 11 4.19 0.061
Na-PTSA 194. 18 strong 0. 000

Na-SAL 160. 11 2.75 0. 042

Na-TDC 521. 60 1.93 0 set

60 /O/”G/,(,..
J b,
. /—4
<rO 40 — -
= /._1/1/'/
E 20
J/zr*r"?u’/
T T T . .
! 4 t £ 150
0.5
0.4 _ "
Lm}
v ———
! ! T T .
4 6 ¥ 10
{ /\(“le]j,\ I CA N SINEIRT
ig. 4— _ (BT < [(BoT)-dA
Fig. 4—Plots of APCTdA s (A BedA

+[AwT]+[BwT]) for the ion-pairs of

methylene blue with various anions. Re-
presentative data from single experiment
are shown. Methylene blue (0.5x107*M)
was equilibriated with various concentrat-
ions of anions at 25°C. Symbols and the
initial concentrations of each anion ([B;iJ)
are: @: taurodeoxycholate(2~8x10™M),
[: salicylate (5~25x107*M), M: p-tolu-
enesulfonate (5~40x107*M), O: benzoate
(20~100>%107*MD.
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Table II—Extraction constant (K.), true partition coefficient (TPC) and formation constant

(Ko) of ion-pairs.®

Cation Anion KeM-Y) TPC KM%

TBA® BEN 1. 75(0. 07) x 102 5.3(0. 2) 3.29(0. 28) X 10
PTSA 3. 33(0. 03) x 102 10.6(1.2) 3.14(0.38) % 10
SAL 1.37(0. 07) x 10? 27.2(6.4) 5.04(0.97) X 10
TDC 1.55(0. 05) x 104 — —

ISPY BEN 2.81(0.19) X 10 2.600. 1) 1.08(0.04) x 10
PTSA 4.3300.27) X 10 8.7(0.7) 0.50(0.01) X 10
SAL 1. 37(0. 05) x 102 11.7(1. D 1.17(0.14) x 10
TDC 2.44(0.32) x 10° — —

MB BEN 2.28(0. 09) x 10? 6.300. 1) 0. 36(0. 01) x 10?
PTSA 4.18(0. 24) x 10% 4.100.3) 1. 02(0. 12) x 102
SAL 1.29(0. 03) x 10 6.000.7) 0.22(0.02) x 10
TDC 3.06(0. 07) x 10t 56.5(5.1) 0. 05(0. 01) x 10

a) Shown by the mean of 3 different experiments at 25°C with S.D. in the parentheses.
b) Cited from the previous report.!®

paire]] o} gt TPChE 71918k &3 A Fig. 4ol 4] 25 TDCs}E) ion-paire] 714717k A8 0
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a5 BES REES Bl e @ 25 lon-paire] TPCE #l% A4 [(AB.J& 0l
b wpEbal (Awt)i=(AT) jet e shgled]

QA 2 Aol ohlE & £

Table III-—Difference between K. values obtained

by this study (Eq. (6)) and by Lee et o] ISP-BEN®] TPC=2, 60| 2}z 2 oo A
al. (Eq. (7). oln] . Z¥Mel FEHAch (A=
1 “This Study Lee (AT HA8e A9 Kk @©)Re] A %
on-Pair — = o = =2 E 7abE IS
TPC KMy KMy O RKeBtSh Arid A A e
— g 4] Table IIlo) (6)X} (NMALE ¥¥H T
BEN 2.6 2.81x10 1. 61102 % #49 K.gts ISPY ion-pair§e Mz &
.7 . . ] i
ISP PTSA 8.7 4.33x%10 9.90x10!} o] A2 shgl ok
SAL 1.7 L.37x10%  1.69x 102

Table Moz %8 ()Rl o3 HEE
Wlst (D] 3 LeeSWe wifel &
Kool 498 %7k 9= e Fskeh. Leeke] 2A%F dAaldEs (DR ngel BHAKE
A GE G FF Aohs 400 AR 9. A aB ‘

Fig. 55} Fig.6& ISP-BENS| Sfifel 4 (ABJ), (ABM 2 sy, —=y & APCel o
simulationd Aolth. &% e thes @O~UDAez BH Kagich
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Fig. 5—Simulated relationship between [AB,] or Fig. 6—Simulated relationship between - 7[_w:]7 or
[AB.] and APC of isopropamide-benzoate [AB.] [l?) 3
ion-pair equilibriated in phosphate buffer (AT aIEd AISC of 1501)[r[(§§ar311de enzoate
(pH 7.4)—n-octanol system. (AB,] and ion-pair. [A"' 5 and (Au ‘”f were cal-

[ABy1 leulated theoreticall -
ding /t;ve}gz'c:égc)u aa::d (le(z)(;re rlzzpcit?\cé?; culated according to Eq. (11) and (12

For abbreviations, see text. respectively. For others, see Fig. 5

. TEC APC—dA
(AB) = rpcyan * “Apci1 A ©
_ 1 APC-—-dA
[AB,]J= TPC _dA X “APCE1 X [(A] (10)
(A, __ TPC—dA an
[A,f7] — TPC—APC
[AB,]  APC--dA (12)

[A,7T ~ TPC—APC
Fig.52 8 APC 196l st (ABJE £, (ABJR W21 71k o 4 98k Fie.d
A4 LeeFive] el ek bz ek (1049 7 & —aop-el Ae A 0o Ao
o st DA & % (ke @ QA 1ol selok & 7 Yot =evh Fig. ool 4 53
| APCo} dAol A7 SR E (22021 R4 (DAL el 44 0% 1 Ak =g
o] Rizsht APCAF TPCAl 2.60] 77ke] A% = @5 4% ANe ¢ 4 A &
APC7} dAs] 7A7-e 91917 ohd @ (ABJE [Ael il FA 3t AL TrTI?}a g
oF 2 glglch. e} APCr} dAd] e S AR Ad2AS B3 Leedive Kl (D)4
o o, Z log(APC—dA)e] fAMLA7 U AAA, |23 k% K. 2 nte A= 5
QA s TAMe] A7k eAH TPCzhe] e 24 @ A% [ABJE Atz (1)
o wbel K& Fabi 40 e &7 ohebm s gk

]

# B
Ton-pair 3}3H8-8 ol @ M2 M 99 K, K2 TPCRL #ESS] OAF 44 7
e Zol BEgetvl, (Aol ddl (ABJE FASE figke] RET e dubdel A=l
gl FRsAch (6)42 TPCO kel zAIQle], A¥&2AE %ol F715 3 Ke, Ki 3
TPCE 7l 4 4 sl QA ol fonpaie ABS) fify moleftrh 111510l ch
e fiRzEAe Aasgth ‘
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