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� �. � ���� �� �� ����� �����(principal analysis, PCA) �� � ! "#$% ���

&'��(principal component regression, PCR)� (� )*�+�(partial least squares, PLS)�� ,-.� /-.

012�3(anionic and nonionic surfactant)! 45� 67$8 9�� �$% �:$;<. = >? 012�3> @

� <A BC� DEFG H8 26I� 5 JK� 400~700 nm LM�@ ����N� �OP, -! -J$% PCR

� PLS&'QR� �O<. = >? 012�3> @� <A BC� STU 5I� V(W6J 5 N� ����N�

-J�@ &'QR� XE�� W6$Y M$% V(W6J 5 � BC! 0Z$;<. 0ZU BC! -J$% relative

standard error of prediction(RSEPa)! :$% &'QR� XE�� W6$;<.

���: <[7 ���, Anionic Surfactant, Nonionic Surfactan

ABSTRACT. A spectrophotometric method for the simultaneous determination of anionic and nonionic surf

based on the application of multivariate calibration method such as principal component regression(PCR) an

least squares(PLS) has been studied. The calibration models in PCR and PLS were obtained from the spect

the range of 400~700 nm for each standard of a calibration set of 26 standards, each containing different amou

surfactants. The relative standard error of prediction(RSEPa) was obtained to assess the model goodness in quantif

each analyte in a 5 validation samples which containing different amounts of two surfactants.

Key words: Multivariate Calibration, Chemiluminescence, Anionic Surfactant, Nonionic Surfactan 

� �

012�38 \]� ^_5` �1� ab� c�

$% de, Z*fg� hi5` �j �k� �6lm

� n*5op �q_r� ��@C %s >? t��

uvw<.1 012�38 xy_z0� ��@C _{

|�}J, ~4� |�}J, _�� ���� �� x

y_z0 ��}J� uvw<. ��@ �k� �� x

y� n���� ��� �G@ ���, �qt� ��

X� ��- U<.2

-s� 012�3N� 67$�8 <�� ��X �

�N� �� N1 high performance liquid chroma-

tography(LC),3,4 liquid chromatography-electrospray ionzatio

mass spectrometry(LC-ESI-MS),5-7 ion chromatography,8

matrix assisted laser desorption ionzation massspectrom

(MALDI-MS),9 ����10 � 	�^��11 �� N
�19�
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�

l

� H<. M� x >? 67�N� �(� 012�3

! ��� �� W�$% 67$8 9�N-P, ��

��� 	�^��� ��� 012�3! ��� �

� �C� 	�^�� xY! �6$8 9�N-<.

-N q�@ ����� �JLM> �P, ��$�

�- ! ¡¢£ � H8 ¤¥- H?¦ ����� q

§�� �$% ¨6� 012�3! 6©$� �6$

Y Gª<. ��@ � ���� -J£ �«�8 ,

-. 012�3� /-. 012�3� :�$% 6

7$P H<. �¬�� q§� 3¥� ®¯$Y M�

9��� )��8 °± ! -J� ²0X <[7 �

��- ³A ´C� ^�$P H<.12,13 <[7 ���

� <�� µ¤�@ �� ����� -J$%, ���

¶ rj� BC! 0Z$\u �6U ����� ·¸

X�� ��$� £ ¹ -JF8 9�-<.14,15 <[7

���� ����(absorption spectrophotometry),16

XV� ���C�(infarared spectroscopy),17 ���º

f» ���(electron spin resonance spectrometry),18 ¼

�Yf» ���(nucler magnetic resonance spectroscopy),19

j7���(mass spectrometry)20 � c����(spectro-

fluorometry)21 �� �J$P H<.

½¾ «�u� ¿�À�@ u. f65Á��8 ,

-. 012�3� ��@ ��C�- H�u q�

-.� �� 5Á9�- Â<.22 Ã �:�@8 ,-.

012�3� /-. 012�3! 45� 67$Y M

$% SDS� Triton X-100� ÄYJÅ� ��$% �

����� ����N� �� �� ��� &'��

(principal component regression. PCR)23-25� -J$%

���� �- ! Æ�$% W6Ç�� �8 9��

�$% �:$;<. DEJK� ������ 400 nm

~700 nm LM�@ �O<. �� &'QR� XE��

W6$Y M$% = >? 012�3 DEJK- @�

<A BC� STU 5I� W6J 5 N� ����

N� -J$% BC! 0Z$;P, 0ZU BC! -J

$% relative standard error of prediction(RSEPa)�

overall relative standard error of prediction (RSEPm)!

0Z$% &'QR� XE�� W6$;<.

 �

��. SDS(first grade, Yakuri Pure Chemical Co.,

Ltd., Osaka, Japan)� Triton-X 100(Sigma, St. Louis,

MO, USA) |¤JK� �� 1.0 g� M$% 1000 mL

� È-.�� É%@ 1.0 mg/mL- FCÊ 3Ë$;<.

1.0 N ÌZ(Duksan Pure Chemical Co., Ltd., Korea)�

1.0 N �Z	u�Í(first grade, Duksan Pure Chemica

Co., Ltd., Korea)� ��� XÎ7 Ï$% È-.��

ÐÑ@ 3Ë$;<. Methylene blue(C16H18ClN3SÒ2H2O,

first grade, Showa Chemica, Tokyo, Japan) JK� 0.1 g

� È-.� 100 mL� É%@ 3Ë$;P, - JK

30 mL� Ï$% 1000 mL� J7Ó��Ô� ÕÖ �,

6.0 N� H2SO4 JK 41 mL� 50 g� NaH2PO4(Merck,

Darmstadt, Germany)! ×>$% Ø�Ù? È-.�!

ÚÛ<. - JK� È-.�� 10Ü ÐÑ@ ÝÁ� Þ

J$;<. Cobalt thiocyanateJK� 30 g� Co(NO3)2Ò

6H2O(first grade, Kanto Chemical, Tokyo, Japan)� 200

g� NH4SCN(Fluka, Buchs, Switzerland)! ßà�� Ð

Ñ@ 3Ë$;<. ßà�8 MilliporeÞ(Bedford, MA,

USA)� Mill1-Q water system� -J� �� 18.2 MΩ
-¶� |á� >â È-.�! ÞJ$;�p, ã��

Sä(Duksan Pure Chemical Co., Ltd., Korea)� 63

$? åP æ�� ÞJ$;<. Qç JK� ÝÁ è�

� 3Ë$% ÞJ$;<.

��.Ã ÝÁ�@ ÞJ� ���08 ShimadzuÞ

(Nakagoyo-ku, Tyoto, Japan)�@ 3}U Model UV-

1601 éeêc spectrophotometer! ÞJ$;<. �V

� �ë� ����8 50 W deuterium lamp, >5��

�ë� ����8 50 W halogen lamp! ÞJ$;<.

ìí u/8 2.0 nm, sampling interval� 1 nm, �Þ´

C8 250 nm/min�� $;<. UV-1601PC! ÞJ$%

YY! }4$;�p �6U ����� |¤$;<.

�	
�. SDS, Triton X-100 ØîJK 26I� V

(W6J 5  5I! ��� 1.0 mg/mL |¤JK� X

Î7� Ï$% 100 mL� ÐÑ@ 3Ë$;<. 3Ë�

DE5 ! 250 mL� �ï ð�Y� 100 mL Ï$%

1.0 N �Z	u�Í JK� ñ 9ò ×>$% óô�

¶z� ¦ç � õö÷øùJK 25 mL, ã��Sä 10 mL

cobalt thiocyanate JK 5 mL ×>$% 30ú� xh�

ûç � 2�� 6ü$;<. ý- ��F1 ã��Sä

ý� 50 mL J7Ó��Ô� Õþ ÿP, ã��Sä�

� Ø�Ù? ÚÛ<. JK� 1 cm�1 cm �� �� ÿ

�@ ������ �O<. -s� 9��� �� 

������ GRAMS32(Galactic Industries Co., NH,

USA)�@ �GN% Æ�$;<.
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��� ���� ��. ���� ��� ���

¶ rj� BC ���� ���&'��(principal

component regression, PCR)� Ý�$Y M$% ���

� ��� -J$% �����(1)� �$;P, 0ZU

��� ¥�(principal component score)N� BC��

Þ-� &'96�� :$8 �6(2)� Ý�$;<.

(1)

(2)

X8 ���� ��, T8 ��� ¥� ��, Pt ��

� ��, EX8 �����h(residual spectra) ��-<.

Y8 BC��, B8 &'0� ��(regression coefficient)

-p EY(n�m)8 BC�h ��-<.

���� ��� ���¶ rj� BC���� (

� )*�+(partial least squares regression, PLS) &'

QR� :$Y M$% ���� ��� BC ��� 4

5� �����((3), (4))$;P, :� = ��� ¥�

N Þ-� �(	0(inner relation, B)! :$% &'Q

R� :$8 �6(5)� Ý�$;<.

(3)

(4)

(5)

X8 ���� ��, T8 ���� ��� ��� ¥

� ��, Pt ��� ��, EX8 �����h ��, Y8

BC ��, U8 BC ��� ��� ¥� ��, Qt8 B

C ��� ��� ¥� ��, EY8 BC�h ��-P,

E8 &'QR� �h-<.

)X &'QR� :$Y M$% �hW6(cross validation)

�6� ��$% &'QR� :$8 �� -J£ )X

���� �! 
6$;<. ��U BC� Ý3 BC!

-J$% ����� �� �A prediction residual error

sum of squares(PRESS, (6))! :$;<.

(6)

n� ��- :�U 5 � �, i8 ���¶ rj�

�, Cpred8 &'QR� -J$% :� �@�¶ rj�

BC-p Cact� Ý3 BC-<. :� PRESS8 F-W6

� ²$% PRESS� [	> Â<P £ � H8 ���

� �! &'QR� :$Y M� )X� ��� �� $;<.

-¶¥(outlier)� W�$Y M$% �����h! -

J$% Mahalanobis \�(7)! 0Z$% ���� �

$\u, F-ratio(8)! �� -J$\u F-ratio! -J$

% F-W6� Ý�$% -¶¥� W�$;<.

(7)

(8)

d8 Mahalanobis \�, R� �h��, R8 �y�h

��, �8 �Z-f�Z ��-<. n� 5 � �, ri�

rj8 � 5 � BC�h -<. Mahalanobis \�! -

J£ ¹8 Mahalanobis \�� �y� q��� Øî

�h� 3Ü� �Î$8 \��< � \�� H8 5 

! -¶¥�� $;P, F-ratio! �� -J$8 �«8

F-ratio> 1�< � ¥� -¶¥�� $;P, F-ratio!

-J$% F-W6� �£ ¹8 Ä��î α! 0.01� $

% -¶¥� W�$;<.

&'QR� XE�� W6$Y M$% V(W6(externa

validation) 5  q� ���¶ rj� �� relative

standard error of prediction(RSEPa)! :$;P, RSEPa

� :$8 �� <,� uv�O<.

(9)

k8 V(W6 5 � �, n� ���¶ rj� �,

Cfound8 &'QR� -J$% :� V(W6x�� B

C-p Cadd� V(W6 5 � Ý3BC-<.

�� � ��

�����. SDS� Triton X-100� � ���

�� �6$Y M$% �� BC> <A SDS� Triton

X-100 DEJK� )X µ¤ 650 nm� P65oP �

� � ����� Fig. 1� uv�O<.

Fig. 1�@ � � H�- 625 nm�@8 Triton X-100

� � �«�> 652 nm�@8 SDS� � �«�>

uv�<. �� = 012�3� �����N� q

§- �GuY ¹� Y�� 679���8 = 01

2�3� 4567- Gª<8 �� ó�<.

X TPt EX+=

Y TB EY+=

X TPt EX+=

Y UQt EY+=

Y TBQt E+=

PRESS cact cpred–( )2

i 1=

n

∑=

d R R–( )t
R R–( )t1–

∑=

F ratio–
n 1–( )r i

r j
i j≠
∑

------------------=

RSEPa 100

Cfound Cadd–( )
k

2

q 1=
∑

Cadd

k
2

q 1=
∑

--------------------------------------------×=
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�
PCR ��. &'QR� ÞJ£ ���¥�N� :

$Y M$% ��� ��� $;P, ���� �A P

Ä�(eigenvalue)� Fig. 2� uv�O<.

Fig. 2�@ � � H�- � �  ���(PC1)- >

¤ � PÄ�� >?P, <,�� = �  ���(PC2)

- � PÄ�� >â<. ���� �!> ß>£�Ê

PÄ�- ¥¥ "G#8 �� ó � H<. -8 PÄ�

- }� ���N� ��� ��� ÞJ� � N� $

»T� HG@ Y%C> }<8 �� �%�<. -s�

PÄ�N� -J$% F-W6(α=0.01)� ��$;� ¹

PRESS� [	> Â<P £ � H8 ���� �8 7 -O<.

)X� PCR &'QR� :$Y M$% �hW6 �

6� ��$% PRESS! :&P, æ 
�! Fig. 3� u

v�O<. Fig. 3�@ � � H�- $u� ���� -

J&� ¹� PRESS> 2I� ���� -J&� ¹�

PRESS�< }�P, 3I� ���� -J&� ¹�

PRESS8 Ô� n*$;<. 4I� ���� -J&�

¹� PRESS8 <5 ß>$;<> ���� �> ß>

£�Ê ß>� n*! '¯$;<. æsu 12I -¶�

���� -J&� ¹� :� PRESS8 ¥¥ n*$;

<> ß>$8 ��� uv�O<. -s� PRESSN�

-J$% F-W6(α=0.01)� ��$;� ¹ PRESS� [

	> Â<P £ � H8 ���� �8 13-O<.

&'QR�@� -¶¥(outlier)� W�$Y M$% �

����h! :$;P, æ 
�! Fig. 4� uu�O

<. :� �����h! -J$% Mahalanobis\�!

0Z$% ���� F-ratio! 0Z$;P, 0ZU F-

ratio! -J$% F-W6� ��$;<. Fig. 4�@ �

� H�- 10� 5 > >¤ � �����h! uv

�O<. Fig. 4� uvw �����h! -J$%

Mahalanobis \�! 0Z$% ���� �$;� ¹

-¶¥�� W�U 5 8 10� 5 -OP, F-ratio>

1.0 -¶� �� >?8 �� -¶¥�� &� ¹ W�

U -¶¥� 10�, 18� 5 -OP, 0ZU F-ratio!

-J$% F-W6� �$;� ¹� -¶¥� W�F?

å�<. ��@, -¶¥ W�9� q�@ >¤ (n�

Fig. 1. Absorption spectra of thirty mixtures of extracted Tri-
ton X-100 and SDS from aqueous media to chloroform.

Fig. 2. Plots of eigenvalue versus the PC number.

Fig. 3. Plots of PRESS versus the numbers of PC from cross
validation analysis of the 26 sample set for PCR model.

Fig. 4. Plots of spectral residual versus sample number.
Journal of the Korean Chemical Society



�� ���� �� Surfactant� �� 23

S1

S1
�� F-ratio! -J� 9�)� ó�<.

PLS1 ��. Triton X-100� 67� M� )X�

PLS1 &'QR� :$Y M$% �hW6(cross validation)

�6� ��$% PRESS! :&P, Fig. 5� uv�O<.

Fig. 5�@ � � H�- ���� �> ß>£�Ê

PRESS> g*+ n*$<> ���� �> 6� ¹ <

5 ß>$;<> n*$;<. PRESS> >¤ }� ��

�� �8 9 -O<. Fig. 5� uvw PRESSN� -J

$% F-W6(α=0.01)� ��$;� ¹ PRESS� [	

> Â<�P £ � H8 ���� �8 7-O<.

SDS� 67� M� )X� PLS1 &'QR� :$Y

M$% �hW6�6� ��$% PRESS! :&P, æ


�! Fig. 6� uv�O<. Fig. 6�@ � � H�-

���� �> 4� ¹Ù? g*$� n*$<> 6�@

(  9Ù? ß>� n*! \,$1@ ¥hX�� n

*$P, 10�@ ß>$<> 12�@(  �6� �� u

v�O<. Fig. 6� uvw PRESSN� -J$% F-W

6� ��$;� ¹ PRESS� [	> Â<�P £ �

H8 ���� �8 5-O<.

Triton X-100� SDS� �� PLS1 &'QR�@�

-¶¥� W�$Y M$% �����h! :&P, æ


�! Fig. 7� Fig. 8� uv�O<. Fig. 7�@ � �

H�- 10�� 13� 5 > >¤ � �����h! u

v�O<. Fig. 7� uvw �����h! -J$%

Mahalanobis\�! 0Z$% ���� �$;� ¹

-¶¥�� W�U 5 8 10� 5 -OP, F-ratio>

1.0 -¶� �� >?8 �� -¶¥�� &� ¹ W�

U -¶¥� 10� 13� 5 -OP, 0ZU F-ratio!

-J$% F-W6� �$;� ¹� W�U -¶¥� Â

O<. Fig. 8�@8 10� 5 > >¤ � �����h

! uv�O<. Fig. 8� uvw �����h! -J

Fig. 5. Plots of the calculated PRESS using the PLS1 model
of Triton X-100 versus the numbers of PC from cross-vali-
dation analysis of the 26 samples.

Fig. 6. Plots of the calculated PRESS using the PLS1 model
of SDS versus the numbers of PC from cross-validation anal-
ysis of the 26 samples.

Fig. 7. Plots of the calculated spectral residual using the PL
model of Triton X-100 versus sample number.

Fig. 8. Plots of the calculated spectral residual using the PL
model of SDS versus sample number.
2003, Vol. 47, No. 1
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�

,

R,
$% Mahalanobis\�! 0Z$% ���� �$;

� ¹ -¶¥�� W�U 5 8 10� 5 -O�p F-

ratio> 1.0 -¶� �� >?8 �� -¶¥�� &�

¹ W�U -¶¥C 10� 5 -OP, 0ZU F-ratio!

-J$% F-W6� �$;� ¹� W�U -¶¥� ÂO<.

PLS2 ��. PLS2 �6� )X� &'QR� :$

Y M$% �hW6� ��$% PRESS! :&P, Fig.

9� uv�O<.

Fig. 9�@ � � H�- ���� �> ß>£�Ê

PRESS> g*+ n*$<> ���� �> 6 � ¹(

  <5 ß>$P, 8� ¹(  n*% 9� ¹ )*-P,

10( 8 ß>$% 12�@(  �6� �� >â<.

Fig. 9� uvw PRESSN� -J$% F-W6� �$;

� ¹ PRESS� [	> Â<�P £ � H8 ����

�8 7-O<.

PLS2 &'QR�@� -¶¥� W�$Y M$% �

����h! :&P, æ 
�! Fig. 10� uv�O<.

Fig. 10�@ � � H�- 25� 5 > >¤ � ���

��h! uv�O<. Fig. 10� uvw 
�! -J$

% Mahalanobis \�! -J$% ���� �$;� ¹

-¶¥�� W�U 5 8 25� 5 -O�p, F-ratio

> 1.0 -¶� �� >?8 �� -¶¥�� &� ¹

W�U -¶¥� 25� 5 -OP, 0ZU F-value!

-J$% F-W6� �$;� ¹� W�U -¶¥� ÂO<.

����. &'QR� W6� M$% -¶¥�� W

�U 5 N� ����� 3V$P, ��~ &'QR

� :&<. W6x�� Ý3BC� �� :� &'QR

� -J$% ���¶ rj� BC! 0Z$;P, 67


�� 6©C! uv�8 RSEPa 0Z$;�p æ 


�! Table 1� Table 2� uv�O<.

V(W6x�8 �6� 31I� ����N q�@ -

}M� 5I! ��$% :�$;<. Table 1�8 Triton

X-100� 67
�! uv�O<. Table 1�@ � � H

�- PCR� �$% :� ���¶ rj� RSEPa� 7.7

%� >¤ � �� >?P, PLS2� �$% :� ���

¶ rj� RSEPa� 1.2%� .h> >¤ },� ó �

H<. Table 2�8 SDS� 67
�! uv�O<. PCR

Fig. 9. Plots of the calculated PRESS using PLS2 model ver-
sus the numbers of PC from cross-validation analysis of the
26 sample set for PLS2.

Fig. 10. Plots of spectral residual versus sample number to
PLS2 model.

Table 1. Analytical results for Triton X-100 by applying PCR
PLS1 and PLS2 to absorption spectral dataa

Actualb
Predictedc

PCR PLS1 PLS2

1.00 0.81 0.91 0.95
5.00 4.55 4.67 4.88
10.0 9.65 9.72 10.2
15.0 14.1 14.5 15.1
20.0 18.2 19.0 19.8

aRSEPa: PCR, 7.7%; PLS1, 4.4%; PLS2, 1.2%. b,c The unit is
µg/mL.

Table 2. Analytical results for SDS obtained by applying PC
PLS1 and PLS2 to absorption spectral dataa

Actualb
Predictedc

PCR PLS1 PLS2

1.00 0.82 0.91 0.97
5.00 4.65 4.83 4.89
10.0 9.71 9.79 10.3
15.0 14.4 14.6 15.2
20.0 19.1 20.9 20.4

aRSEPa: PCR, 4.3%; PLS1, 3.7%; PLS2, 2.0%, b,cThe unit is
µg/mL.
Journal of the Korean Chemical Society
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.;

,

an,

e,

r,

 S.

o,

,

� �$% :� ���¶ rj� RSEPa> 4.3%� >

¤ � �� >?P PLS2� �$% :� ���¶ rj

� RSEPa> 2.0%� .h> >¤ X,� ó � H<.

Triton X-100� /� 
�-?¦ SDS� .h> 0 }

,� ó � H<. PCR� �$% :� ���¶ rj�

RSEPa> 4.3%� >¤ � �� >?P PLS2� �$%

:� ���¶ rj� RSEPa> 2.0%� .h> >¤ X

,� ó � H<.

� �

Triton X-100� SDS� �����- @� éü?

¦ <[7 ���� PCR, PLS1� PLS2! -J$%

Triton X-100� SDS! 67 £ � H<. �����h

! -J$% ��� 9��@ Mahalanobis \�� �

� ����, F-ratio � F-W6�� -¶¥� W�$

;� ¹ F-ratio! -J$8 9�- >¤ (n� 9�

-O<. � W69��� W65 � BC! ��$P,

RSEPa� RSEPm! :&� ¹ PLS2� �$% ���

Triton X-100� SDS� BC> >¤ }� RSEPa� u

v�O<.
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