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Reaction principle of color reaction between
Coomassie Brilliant Blue G-250 and benzalkonium chloride

Yuji Suzuki

Summary The reaction principle of the color reaction between Coomassie Brilliant Blue G-250
(CBB G-250) and benzalkonium chloride at a higher pH (8.53-12.9) was investigated by an experi-
ment and a calculation based on chemical equilibrium. At a higher pH CBB G-250 bound to

benzalkonium chloride and produced a pink color. This color reaction was assumed to occur by

binding of trivalent anion of CBB G-250 to positively-charged benzalkonium chloride. It was

found that the characteristic of the color reaction obtained by an experiment coincides with those calcu-

lated based on the chemical equilibrium.
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KRV © pH 8.53 — 12.90 D FRE A 120.1
mol/L7" ) ¥ Y (NaCl% 0.1 mol/LD &R T
&1) £0.1 mol/L NaOHE #RG L TR L
72 pHIFH ALY T3EHM-30GpH A — # 12 & D)
B L7z,

0.2 mmol/L CBB  G-250%1Z : CBB G-250%
0.171 g& O REEIKIZ MR L 4= 21000 mL & L
72

CBB  G-250% 0 ik © MRME {120 mLI20.2
mmol/L CBB  G-2507210 mL % I 2 AF LK T
£ A100mLE L7z,

1o/ A & ¥ PTG A bR a
=YL %10 gk )REUKIZEME L T1000 mL &
L7ze EL L THML THW 2,

2g/Lb MGET VT I VA b MR T OV
7 3 ¥ (HSA) 200 mg#% A5EK W% L T 100
mL& U720 SEIE U THRL THW2,
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FEEIK1.0 mLF 72 (ZHSA 1.0 mL F 721335
LRI T = L E#1.0mLIZCBB - G-250%
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HSAEE DA 121325C T10500 W SUs & 72
12, AR Z xR & LTI A R Y MV & H T
U-1500JE L ¥ 4 ¥ — A5 EERHT L D g L
726
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"z S, pH 11— 12033 T pKAED /N E W 2
B O FHERE XS TIREE L, 2 il R 55
HD ))&, EHICZFO—EBISFEEL 3o
fREERL ST (D7) & LTHFFELTWAH, CBB
G-250 3 i D FFFERL 53T 13K D & 5 IZFRTHNG
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Fig. 1 Absorption spectra in the presence of human
serum albumin in different pH.
1-B, 2-B and 3-B indicate the reagent blank at pH
8.53, 11.01 and 12.04, respectively. 1-P, 2-P and
3-P indicate the reaction mixture containing
human serum albumin (1 g/L) at pH 8.53, 11.01
and 12.04, respectively. The absorption spectra
were measured against distilled water.

— 214 —



HEWEEHT Vol. 37, No 3 (2014)

W 3 fifi D fiFk B 2 43R FE
Ko(Co— [BD*])
[H"] + Kb
W 2 fifi D f N 537 EE
[HD* J»=Co—[D* [—{BD" |

DT =

WA BRI OO

Er=Euw+EotEw= ¢ w[HD* Jo+ € o[D* o+

€ w[BD* ]

E,=Ew+Ey+Ep—E= ¢ w[HD s+

€ o[D* It € 5o[BD* ] — (& wo[HD* Jo+ € o[D* Js)
Er . BRI OPOGE G K8k . B i
BRis oWt R S3EER) . B s
MeOWIEEE O D AEEK) . Bw @ 2 i Ak
RGT-OWSEEE (R« AEBUK, ABRiEwR )
E> . 3MHOMEERISFOWSEEE IR o k3K,
BRETE ) . Eao | SSOAROWLEE (WHE A
BUK) L ew o 2 DEEERELS -0 E VOGRS
eo . SMOMEERI ST DOFENEIARE. e w:
FEORDENVIOCREL. D1 o 3 OfFEER 5>

1.5

Absorbance

300 400 500 600 700
Wavelength/nm

Fig. 2 Absorption spectra in the presence of benzalko-
nium chloride in different pH.

1-B, 2-B and 3-B indicate the reagent blank at pH
8.53, 11.01 and 12.04, respectively. 1-P, 2-P and
3-P indicate the reaction mixture containing
benzalkonium chloride (0.5 g/L) at pH 8.53,
11.01 and 12.04, respectively. The absorption

spectra were measured against distilled water.

TR GREBAET) . D )s @ 3MHOMHERL S
iR GRESEHT) . HD* 1p @ 2 fli > eSS
FiE (GUBREEE) . [HD* s o 2 Ml D f i
BorfilE (GREEH)
FHAICE L CERICIEROMEE H 72,
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Fig. 3 Relationship between the color development and

the pH

O: reagent blank measured against distilled water
A human serum albumin (1 g/L)

[: benzalkonium chloride (0.5 g/L)

Solid line: measured against distilled water
Dotted line: measured against the reagent blank

The absorbance was measured at 508 nm.
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Fig. 4 Reversibility of the color reaction.

B (pH 7.19) was prepared by adding 4 mL of the
color reagent to 1 mL of distilled water. Po (pH

7.23) was prepared by adding 4 mL of the color
reagent to 1 mL of 1 g/L benzalkonium chloride.
P, (pH 11.38) was prepared by adding 1 mol/L

NaOH to Po. P> (pH 7.29) was prepared by adding
1 mol/L HCl to P.. The absorption spectra were

measured against distilled water.
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Fig. 5 Relationship between the amount of the complex

formed and the equilibrium constant (calculated
result).

Calculation condition:

pKo=12.4,

Co=6.4X10° mol/L,

Cs=2X10" mol/L,

Kip=10'(1); 10°(2); 10°(3).
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Relationship between the color development and
the pH (calculated result).
1: reagent blank measured against distilled water

Fig. 6

2: test solution containing benzalkonuim chloride
measured against distilled water
3: test solution containing benzalkonium chloride
measured against the reagent blank
Calculation condition: pKp=12.4, Ksp=10",
Gv=6.4X10° mol/L, Cx=2 X 10° mol/L,

e w=7.72X10° Lmol'cm”,

e p=1.53X10" Lmol'ecm™, n=1.0.
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Fig. 7 Relationship between the color development and

the equilibrium constant (calculated result).
The equilibrium constants (Ksp) of the curve 1,
curve 2 and curve 3 are 107, 10° and 10°, respec
tively.
Calculation condition:
pKo=12.4, Cv=6.4X 10" mol/L,

G=2X10° mol/L,

& w=7.72X10° Lmol'cm™,

e =1.53X10 Lmol'cm™,
n=1.0.
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Fig.8 Relationship between the color development and

the n-value (calculated result).
n-value =molar absorptivity( € sp) of the
complex/molor absorptivity( ¢ o) of the trivalent
anion of CBB G-250
The n-values of the curve 1, curve 2 and curve 3
are 0.8, 1.0 and 1.2, respectively.
Calculation condition:
pKo=12.4, Ksp=10%, Cv=6.4 X 10" mol/L,
Cs=2X10° mol/L,

e w=7.72X10° Lmol'cm™,

e p=1.53X10* Lmol'cm™.
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