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The Acid Dissociation Constants and the Partition Constants of Parabens
Keiko NAKAJIMA and Toshiko YASUDA

Summary

The extractability of parabens was examined. Parabens chosen were methylparaben, ethyl-

paraben, isopropylparaben, n-propylparaben, isobutylparaben and n-butylparaben. These parabens are

very useful preservatives in pharmaceuticals, cosmetics and foods. It was found that the extracta-

bility of these parabens relate to the ester structures. To explain the reason for these differences in
extractability, in the first place pKa was determined by a UV method, and secondly a flask-shaking

method was carried at higher pH than pKa.

From apparant partition constants(Pa) obtained, real partition constants(P) were calculated.

It became clear that not pKa but logP obviously varied with the variation of ester portion. A

linear relationship between the number of carbon atoms in the ester portion of these parabens and

logP was found.
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Table 1. Components of Sorensen’s buffer Table 2. Components of Kolthoff’s buffer

pH 0.05MNa,B,0,:10H,0 0.1M HCl  0.1M NaOH pH 0.05M Na,B,0,-10H,0 0.05M Na, CO,

(ml) (ml) (ml) (ml) (ml)
1.04 100.0 10.0 37 113
7.61 525 475 10.2 27 123
8.13 57.5 425 104 20 130
8.67 70.0 30.0 10.6 13 137
8.99 85.0 15.0 10.8 8 142
9.23 100.0 1.0 4 146
9.59 K

700 300 o OIMNaOH  0.IMNa,HPO,  H,0
9.86 60.0 40.0 (ml) (m1) (ml)

12.13 40.0 60.0 11.2 18 75 57
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1 ml of ethanol solution (contains individually 1 mg of
ethylparaben, n-propylp and n-butylparaben)

add to 30 ml of ether
ether solution

extract with NaOH solution
(pH 8,9,10,10.5,11,12) (10 ml x 3)

BmE Imlox s s —iziEh L, SRHERGY) & ¥

T
3rd aqueous

1
ether

1st al;ueous 2nd at!lueous
layer layer layer layer
acidify with
HC1 evaporate
saturate with
NaCl
extract twice proceed in the proceed in the residue
with ether same way as the same way as the
1st aqueous 1st aqueous
aqueous ether layer layer
layer layer
evaporate dissolve in
1 ml of
residue ethanol
dissolve in 1
ml of ethanol

test solution
for HLC

test solution
for HLC

test solution
for HLC

test solution
for HLC

1 ml of ethanol solution (contains individually 1 mg of methylparaben, isopropylparaben and
isobutylparaben) should be carried in the same way.

Fig. 1. Preparation of test solutions for examining the extractability of parabens
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1 ml of ethanol solution (contains individually 1 mg of
ethylparaben, n-propylparaben and n-butylparaben)

aqueous solution

acidify with HC1
saturate with NaCl
extract 3 times with ether

add to 10 ml of DORINKUZAI

aqueous layer

1
ether layer
wash with water

extract with NaOH solution (pH 11, 11.5,
12,12.5,13) (10 ml x 3)

1st aqueous 2nd aqueous

3rd aqueous ether
layer layer
evaporate
proceed in the
same way as the
1st aqueous
layer residue

test solution
for HLC

dissolve in
1 ml of ethanol

test solution
for HLC

1 ml of ethanol solution (contains individually 1 mg of methylparaben, isopropylparaben and

layer layer
acidify with
HC1
saturate with
NaCl
extract twice proceed in the
with ether same way as the
1st aqueous
aqueous ether layer
layer layer
evaporate
residue
dissolve in 1
ml of ethanol
test solution test solution
for HLC for HLC
isobutylparaben) should be carried in the same way.
Fig. 2.

b R®BEMm (1)~ (iv)# HLCiEIc X DERL, KK
(i)~ BLUPrZ—TLHE (V) PD=ZFED *TF~
DB EE KD D, L, KEELF Y7 LERD
pH iz, 8, 9, 10, 10.5, 11, 12& L7z, kiz 2 F v
INTGNRY, AT BENIITNY, [ TFINRTAN
CEER ImELI Y/ — N lmliconT, [EEENHE
EET% 9,

FU Y 7EIFD TR T o7 4 —

BIEHEL e TFig 2R L 72, 79~ H%E S
Y, “8F5HBL2EHT S5 (H5mg/l0m) FY > 7
Fl2BU, ZHUICZF N 3TN, n-7ab L e
L N=-TFNNRTR AR lmgZE LY/ — )L 1 ml
ROInL, EEEERYE, AlERFIL 2%, =T T3
m (10, 10, 8ml) #bL, =—TILEEAET, I
%KL 727%, ez pH O KEELF F ) 7 205710
mlFOTIMEMB L, KE(I)~ ()& x=—TLF
(iv) 2185, LUTW (1)~ (iv) L FEBRICEEL, =
M T DFEEEAEKRNE, B, KE{L+ b
) niEm o pH 211, 11.5, 12, 12.5, 13Th 5,

_3_

(3)

Preparation of test solutions for examining the extractability of parabens in DORINKUZAI
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> & pH oB{Riz Table3n b ) TH 5, ethyl- 10.0 10.2 104
28T R 50mgx T—TILT50mlE L, Z£N10mlE 4R isopropyl- 104 10.6 10.8
TR S 72 T — T L 40ml % 200ml ) 53 9 — b n-propyl- 104 10.6 10.8
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Fig. 3. [Extractability of parabens

_.4_



’ pH 12 1

FREFHFHRE FH45 1-8 19804

HHH ol nlln

100
%

50

o Hl_ln

ool

100
%

pH 125

1007

pH 13
50

methyl ethyl isopropyl
paraben paraben paraben

= m] N 0
00O DOB® COE® VO VPGB VPBE® OPAG®E

n-propyl isobutyl n-butyl benzoic
paraben paraben paraben acid

Fig. 4. Extractability of parabens and benzoic acid in

DORINKUZAI
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Table 4. Results of pKa and Ka of parabens by a UV method

paraben pKa Ka
ester 1 2 3 4 5 6 7 Ave.  SD. (x107)
methyl- 8.35 8.32 831 8.30 8.29 8.24 8.16 8.28 0.06 5.2481
ethyl- 837 8.32 8.27 831 8.30 8.33 8.26 8.31 0.04 4.8968
isopropyl- 8.42 841 841 843 8.31 8.26 8.26 8.36 0.08 4.3652
n-propyl- 8.39 8.40 8.39 8.39 8.40 8.38 8.28 8.38 0.04 4.1687
isobutyl- 8.40 8.37 841 847 8.44 8.39 8.36 8.41 0.04 3.8905
n-butyl- 839 8.30 8.32 8.29 8.29 8.32 8.20 8.30 0.06 5.0119
Table 5. Results of Pa and logP of parabens by a flask-shaking method
concentration of paraben
paraben (mg/ml) pH after [HY) recovery Pa logP
ester flaskshaking  (x 107'' M) (%) g
aqueous layer ether layer
@ 0.09130 0.11654 9.81 15489 98.1 1.277 1.649
methyl- @ 0.09778 0.09664 10.00 10.000 924 0.988 1.723
©) 0.13155 0.06959 10.19 6457 97.1 0.529 1.639
@ 0.03990 0.16625 10.26 5.496 103.1 4.165 2574
ethyl- )] 0.05416 0.16475 10.40 3.981 109.5 3.042 2577
©] 0.07053 0.13240 10.55 2.818 1015 1.877 2516
@ 0.02989 0.17818 10.55 2.818 104.0 5.961 2.968
isopropyl- @ 0.04373 0.16042 10.73 1.862 102.1 3.669 2.936
® 0.06071 0.14527 1091 1.230 103.0 2.393 2930
@ 0.02781 0.17948 10.51 3.090 103.6 6.454 2.943
n-propyl- @ 0.03894 0.17368 10.69 2.042 106.3 4.460 2,961
©) 0.05517 0.14314 10.86 1.380 99.2 2.595 2.896
@ 0.02414 0.18662 10.96 1.096 1054 7.731 3440
isobutyl- @ 0.03130 0.18338 11.10 0.794 107.3 5.859 3.459
©)] 0.03982 0.17215 11.26 0.550 106.0 4323 3.486
@ 0.02285 0.18636 10.93 1.175 104.6 8.155 3.542
n-butyl- @ 0.02935 0.17343 11.10 0.794 101.4 5.909 3.572
(©) 0.03652 0.17633 11.22 0.603 106.4 4.828 3.604
13 RDOBIREAHL N LD,
vV =% H*
) ) Pa Kat (09 Poeeeeenennns @
INTNET 2 SN IRHERBETH D, TN rrL
% AH & L, H##iho AHnE Lg% (AH)org, o AH)org
Ko L iBIE % (AH)aq, AH DEOSRIES % P, Pa=—AMaqt (AJaq
ArttoslEfs Pa s 358, L LABMP AH TALNE, ZoMEL LRAFRAFLENP L Ka
DA F 2 BE (Adorg HEMR T EZE, P L Panfiic R KH TV B,
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aq+ (Alaq #HIETER LN EBbN S,
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Table 6. pKa and logP of parabens

paraben

ester pKa logP

methyl- 8.26 + 0.06 1.67 +0.05
ethyl- 8.31 + 0.04 2.56 +0.03
isopropyl- 8.36 + 0.08 2.94 + 0.02
n-propyl- 8.38 + 0.04 2.93+0.03
isobutyl- 8.41 +0.04 346 +0.02

’ n-butyl- 8.30 = 0.06 357+0.03
Ave. = S.D.

Pruah, ZokikpHizsw TIAEIZ T —
TNVBHND T BEATEEIICE V28, EMEZ Pa
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EHEZL Pa 2 RKHDEZEHXWETH -2, HEHEOEE
B BEHAIIE, ORIEIBLL v, X FrsTXC
2T pHI0S IZ3EE L, ¥R (st L 2Ec b #e 5 Tu
TVEENBE) 2 EZ TEREIT L1225, Pani(s
PIUT—E o2 kb, TINVIEKEB LU —
TR TEAL T wbneHEZ b5, Table 5
12, R ooiEK Pa(z—F LBHhD X2 g
BE/KBHFN 2 FZXDELBE) B L UCORE Y KD
72log P%mR L7, 72, Table6 i 6N T~

pKa & log P »FE#fELRL 72,

—7, EELIIORIC & B HENMZ, T2 DH)
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KAX@EN PERHDLZ L ERL,

(AH)org C(Ka_ )

(AH)int — (AH)org <(Hﬂ '1) @

(AH)int : /37X Dz —FTLBHIZBIT M
BE (B M)

P=

Table 7. logP of parabens from equation @

paraben

ester logP

methyl- 1.68 + 0.03
ethyl- 2.65+0.11
isopropyl- 3.02 +0.07
n-propyl- 3.03+£0.13
isobutyl- 3.69 + 0.05
n-butyl- 3.73:0.10

Ave. + S.D.

@XEFHE, KEF AHOBELZEBTE LW
BIZPEKRHBZENTE D, QRIZ L ) KeH 72 logP
% Table 7(2/x L 72, Table 6 & Table 7 # It&3 % &

log P

4.0

3.0

2.0

T T T T
1 2 3 4 number of
carbon atoms

Fig.5. Relation between the number of carbon atoms in
the n-alkyl portion of paraben esters and logP

Table 6 » logP N h » Z Mk RFAEH VNS C, P& kH bR
ELTRAERTIE, OR0AGr@LeBbns,
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log Pa

0.5 4

—-0.5 4

Fig.6. Plot of logPa as a function of pH for methylparaben
(0), ethylparaben (a), isopropylparaben (e), n-propyl-
paraben (2), isobutylparaben (¢) and n-butylparaben
(@).

Table 6 75, pKa D f#EIZIZ, TN DI AT ILDE
Wik B EA L VDIIHTL, logP ICI3BHE L ENH B Z
Ehgrh otz 12, BUEKREO logPnEZ S H o
72,

//M

TH*) 'x10em

0 s 10 15

Fig. 7. Plot of reciprocal Pa as a function of reciprocal [H*]
for methylparaben (o), ethylparaben (a), isopropyl-
paraben (o), n-propylparaben (&), isobutylparaben (¢)
and n-butylparaben (o).

SN DEBEB T L XL (R TFUES) DRtFH
# + logP »f% % Fig. 512k L 72, W& NI E,
BIRAEED & L7z,

Kic, BEBRORERIFORICHE) Z L E2RIELL. O
A&

logPa=logP—pH —log(Ka+ (H"))
ELN B, AEBRTES N pH & logPa BRI
Fig. 60t 5 ThY), wTho T iZHoWT L
x— | oEEErED LN, —F, (H) e Patien
BZEF MR L7722 A, Fig. Tk icvwgnom 7~
IOV THERESED LN, TS IRAEROHE
RHAQRIHE) 2 &2 FERL, ABMARD T nA
AVBENERL)BLNATHEILETRL TS,

Pifl, Z N EHREBR D 513H ) Th <, B EMEAER
OFFRICE > THLEETH B, Leo 573, ZDH» 5
EEOMENK—F 75/ —ILRICBEITEPEKRDT
W3, #EORIZBIT S PolRE L UM - oL
LCOBE &Rk 7 u~ 77 7DIER . £, SHNE
HLNOMRRBEL LS,

V R

1 AFNFTRY, TFNTR, A T7TBENS
SNy, n-7ub TRy, A TFA TNy, N
-7 F e~ npKa xR EE T, P #% flask-
shaking i CKer7: & 2 5, Table 6 NEATRL L2,

2 RFRUFTIZTNANENICL), B HHE 7o
T4 —NEFEON, ZdZFnFno pKa nEic L 5.4
Ny, Ei2 logP nENLHTH D,

3 TR DIRATNUERSFOBEBEET VX VHDKFE
# L logP NRECIz, MHBERRN S H N7,

VI Xk

1) HBEET i P> 7EboBBRINGHTE-L
TEEHFRS, 3, 914, 1979,

2) LfyiEE, BEE—  BRCEEO 2T OSEE
# Pa L) Ho PR pKa 2FAICIES 72667
AL Ol Pa & P o RGR(D), B AR SFEIE
SHHERSE, 4198, 1979,

3) A. Albert, E. P. Serjeant : { #+ > FE# & HIE &,
AE, 1962,

4) HEEMHAMRES | BYoEE AR, o
HEIET|1225, ML, 1979.

5) Albert Leo et al. : Partition coefficients and
their uses, Chemical Reviews, 71, 525-, 1971.





