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Kinetic study of the formation of triphenylmethanols from cationic triphenyl-
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The formation rates of triphenylmethanols from corresponding cationic triphenyl-

methane dyes were investigated in the presence of nonionic surfactant micelles, such as
Triton X-100, PONPE-20, Brij-35 and Brij-68. The increases in the formation rates of
triphenylmethanols with the hydroxide ion in a nonionic micellar solution were almost
comparable to that in the presence of a cationic micelle of stearyltrimetylammonium ion.
The increase in the rate was largest with Triton X-100, and the rates with the hydroxide
ion increased on the order of about 10°’ ~ 10" fold compared with those in an aqueous
solution. The reaction rates for malachite green and brilliant green increased most sig-
nificantly among the five dyes examined. The rates also increased along with an
increase in the hydrophobicity (lipophilicity) balance of the surfactant molecule. These
results indicate that the cationic dyes are adsorbed on the hydrophobic core of the surfac-

tant micelle, and that the formed triphenylmethanols are incorporated in the core.
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Alcohol form

Quinonoid form

X Y z Dye Abbreviation
-CH3  -H -H Malachite green MG+
—C2Hs ~H -H Brilliant green BG*
—CH3 —CH3 -H Crystal violet Cv+
—-CeHs -C2Hs -H Ethyl violet EV+
~-CH; -H ~Cl Chloro-malachite green Cl-MG+

Fig. 1 Triphenylmethane dves and their alcohol

forms examined in this study
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Fig. 2 Color fading profile of MG’ in the absence
and presence of surfactant

MG "1: 1% 107" M; [Surfactant]: 0.01 M; pH:
7.0; I: 0.1 (Na,SO,); Surfactant: 1, none; 2,
STMA™+ C1”; 8, Triton X-100; 4, PEG™ 1000; 5
Na'LS
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Fig. 3 Plots of —In (A — A.) vs. standing time for
MG’

Triton X-100 was used as a surfactant. Conditions
are the same as in Fig. 2, except for pH. pH: from
bottom line to top line, 6.80, 7.10, 7.25, 7.45, 7.84.
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Table 1 Formation rate constants from MG to the corresponding methanol form in micellar solutions

Rate constant Acceleration factor”
Surfactant”
log(ki'/s ") log(ky'/M ™ 's™ " k' ks’

Triton X-100 —3.33 3.32 0.47 3.50
PONPE-20 —2.85 — 0.95 -
Brij-35 —2.86 3.26 0.94 3.43
Brij-58 —3.03 — 0.77 -
STMA™-CI” =273 3.16 1.07 3.33
Na'-LS" — -1.37 — —-1.20
PEG* 1000 —3.27 0.92 0.53 1.09
(None) —3.80 -0.17 0 0

a) Concentrations are 0.01 M. b) Difference in logarithmic value of rate constants between in the hydrophobic

media and in an aqueous solution.  ¢) Not evaluated.
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Fig. 4 Color fading profile of MG in the presence
of nonionic surfactant

Conditions are the same as in Fig. 2, except for the
kind of the surfactants. Surfactant: 1, none; 2,
Triton X-100; 3, PONPE-20; 4, Brij-35; 5, Brij-58

3.2 FEA A REEMFHDEEICLIIEEEHNOL
®

FiZe DI A A 2 FIGEHERFEAET TO MG™ DR
07 4 V% Fig. 412R"3. X, #HEERZ Table 112
Wﬁfm? ﬂ(%zﬁﬂmiﬁ@ﬁﬂ%ﬂb? PUBLY
B, k' Adxt
ﬁMTum~u%%mLTED,_nu¢WLtLU
TV AY ) =D IIVBKERENSE (27) ~O
SIS G L TWwWbEEZB5NA,. — ), Triton
X-100, Brij-35 Tk Z K& CEHEL, ZOHMNI k' D
WmE L TAREL, ILVERITOKBEIDA + >~

BROER LA F G L TWwDH EEZ LR
%. %3, MIE L7 pH &4 TIL, PONPE20 I &V,
Brij-58 ItV TId k' DKW TH Y, k' ZRDDH &
MTE LD ->72. PEG1000 DFRMIZ X % HEE KO
g, RV ZFLUBHOEEARIEDER LN 7
TZNVAY )= VOREDIDEEZ LND.

LA F U E

3.3 a7+ EHOER

A F G YA & LT Triton X-100 % vy, %
Yk A 4+ v ORISHEEEWE L7z, 185 N7 E B e
% Table 212753, MG", BG™ THRILHEEATK & {1
MLTW5. Bk F v SEEO I 2V BN
(27) NOFERISHBRICEEIZEFG T 5D THNIL,
BAMEAE L ciokER" V', EV TR E { Kb #
BEDSHEMT AL EZONED, Bonl#ERITENLIX
BpoTwd, k OKELREN»S, FHbA 42 &

KEEILWA & > b DA F v BEKD a7 EEISHFAEL,
N BRISHEDHIMIF LG L TwdbDEEZLN
. IEVFETTORIEE, #ARIZ Fig 5 I12RL

7z,

34 AFHBEOHE

{4 VRERZ LT 00T MUY LA0REY
0, 0.033, 0.066 M (I=0, 0.1, 0.2) THafL7=. pH
7.0 TOFRMEREEHIIIZEIRAETH Y, RUSHEEIIN
THAF VHEORBIINSVIDOLEEZ LN,

35 BAM-FUHMNS D ZICEDRERBOL
®

MBI T B I A A ¥ REEEAR 3 v oK
-t (BiAKY) ©/v5 v 2 (hydrophilicity-



WO WL OE, KK M) T2V AY R F CRESS Y T 220 A Y ) — VR ORIZEIE 957
Table 2 Formation rate constants from cationic dves to the corresponding methanol forms in Triton X-100
micellar solutions’
' -1 -1
log(ks'/M s ) Acceleration

Dye —_— - .

Aqueous solution Nonionic micelle factor
MG* -0.17 3.32 3.49
BG" -0.35 3.31 3.66
v’ - 1.08 0.95 2.03
EV" -1.55 0.60 2.15
CIMG * -1.65 1.25 2.90

T Concentration of Triton X-100 is 0.01 M.

Aqueous  Hydrophilic chains Hydrophobic core

Fig. 5 Schematic illustration for the reaction of
triphenylmethanol formation in nonionic micelle
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Table 3 Comparison of surfactants based on HLB
on the formation rate from CV' to its
triphenylmethanol form

Surfacl,aml' log(ks'/M s l) Acceleration factor

(:\Ione)

- 1.08 —
PONPE-20 —0.96 0.12
PONPE-15 —0.88 0.20
PONPE-10 —0.28 0.80

T Concentration of the surfactant is 0.01 M.
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