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º £

~£ 7*ÚÏb� ÒÏ>º 2-methyl pyrazine(2 MP)¢ ºÂ� F�' Ï
¢ Ö;~V *� 298.15 KöB solvent(cyclohexane,

n-hexane, n-heptane, methylcyclohexane(MCH), methylcyclopentane(MCP), ethylacetate)+water+2MP b�bê~ Ï�ê �F

j G;~�, &wF" çê6j �~&
. &wF êÖ~¢ áV *� NRTL Î��ö ç^ �&�B 2¢�V¢ ºÖ~�

&wF êÖ8j �~&
. ''~ 3Wªêö &� ªV�F, F�ê �Fj Ö;~� Ï
~ ºÂWËj �Ò~&
.

Abstract − The experimenral binodal curves were determined for the ternary systems of water+2 MP with cyclohexane, n-

hexane, n-heptane, MCH, MCP and ethylacetate as solvents at 298.15 K for finding a selective solvent to extract 2 MP, used

for pharmaceutical intermediate. Tie-line and plait point were also determined. The experimental tie line data were correlated

with the NRTL model and extraction effectiveness of solvents was also examined by means of determining of distribution and

selectivity curves.
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1. B �

z��ëöB Ú*j~ 40-80%¢ Næ~º "B �;f bÒ' ê¾

Ò �;� ªÒÁ;B �;��, �©f ç*7/ö V� bî*�~

;�� ªÒ>º {Ö, Ã~, �> 5 ºÂ�; �� ¢>'�
. 
B

� z��ëöB &ç� >º �Ú b�bf 2Wª �ç~ 
Wª b

�b�, >Bê& �~ ?f �jb�b� ��Úê ãÖ& ôb�, �

�� êö '�� Ï
¢ &~� F�ê¢ 
�² �"� b�bj º

Âö ~~� Î"'b� ªÒ� > ®
. Ï
¢ F�~º � �V�¢

� 7º� Wîf ï;ªVê>(equilibria distribution coefficient)f Ï


~ F�ê(selectivity)�
. ï;ªVê>º b�b� �-� ï;j �

� r ºÂF Ïî� ºÂº~ç(raffinate phase)" ºÂç(extract phase)

ö ªV>º ;ê¢ ¾æÚº ¿ê�B, ªÒ~�¶ ~º Ïî~ ªÒ

;êö V¢ Ï
~ ·" ºÂ�>ö 'Ëj ��
. 6� F�êº º

ÂçöB Ïî~ ªVê>ö &� ºÂº~çöB~ Ïî~ ªVê>

~ j�� �º Ïî~ ªV;êö V¢ Ï
~ ·" ºÂ�>ö 'Ë

j �~æ� ºÂç" ºÂº~ç Ò�~ ï;ªVê>f F�ê¢ ê

Ö~� �'Ï
¢ F�� > ®
. �Þ �-� ï; ��V¢ �C~

V *� Î��b�º Wª~ ªVNj �W~ �>�B ãþ'b� ¾

æÚ"º Î��B Othmer-Tobias[1]f Ishida[2] O» �� ®b�, excess

Gibbs free energy ��¾ �ÿê ê>(activity coefficient)¢ 
B� b

�b~ çï;j ¾æÚº NRTL[3], UNIQUAC[4], modified UNIQUAC[5]

�", ��V�»ö ~~� ºÖ� > ®º UNIFAC[6] � �� "�

�ÏB
.

2-Methyl pyrazine(2MP)º Ö�~òB~ öò�� propylene glycol(PG)

" ethylene diamine(EDA)~ î>, î>² �Òz >wö ~� �W>

º ©b� ~£®" �®�ëö �Ï>º �¦&&~~ 7*Ú�B B

��;öB �W>º >Ï�öB 2MP¢ ªÒ~�¢ ~¾ b" �j6

j ;W~æ� ªÒÁ;Bö ÚJæ� ®
. 2MP~ ªÒf &N� �

;Jê¶ò~ ãÖ B>Wª~ bWò ��>Ú ®j ö, �¢ ���

b�êö &� ¶òº *Z� ç��� �jÃ~~ ªÒB ��¢ *

� �Wªê~ �N V�ï; ��Vf "¯Wî �ö &� ��B Ö

"[7]& *¦�
. V¢B 2MP >Ï�~ Î"'� ªÒ¢ *� �; B

Bj *�Bº &N ê~ çï; ¶òf b�b~ bWö &� z× 


·� ¶ò& jº~
. ��öBº 2MP ªÒ¢ *� Ï
����,
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cyclohexane, n-hexane, n-heptane, MCH, MCP, ethylacetate¢ &ç Ï


� solvents(1)+water(2)+2MP(3)ö &� âWªê~ �-� ï; ��V¢

298.15 KöB G;~� &wF" çê6j �~&
. G;B 8f b�

b~ çï;j ç&�Êº Î�� 7öB NRTL Î��j ÒÏ~� ç

&�B �~
. 6� FVç" >Ï�ç Ò�~ ªVê>f F�ê¢ ê

Ö~� 2MP ºÂÏb� ¦Æ� 6B~ FVÏ

j ï&~&
.

2. 
þË~ 5 O»

2-1. �£

Ï�ê �F Ö;ö ÒÏ� �£b� 2MP, n-hexanef AldrichÒ~ �6

�£j ÒÏ~&�, n-heptane, MCH, MCP, ethylacetate, acetonitrilef

JunseiÒ~ B®j ÒÏ~&
. 6� cyclohexane" benzenef D.S.P~

B®j ÒÏ~&b� bf 
þ
öB �Nv~>¢ v ® Ã~~� Ò

Ï~&
. 2MPº molecular seive 3çö 24�* �ç ;~~� ®Bbj B

�� êö ÒÏ~&�, 
� �£
f º&'� ;B ì� �&� ÒÏ

~&
. ' �£~ Bê 5 V� bWf Table 1ö ¾æÚî
.

2-2. 
þË~ 5 O»

2-2-1. Ï�ê �F G;

âWªê~ Ï�ê �F(binodal curve)f Othmer[8] �~ O»j �j�

Haddadf Edmister[9]~ cloud point ';»j ÒÏ~&
. Ë~º Fig. 1

ö ê�� :f ?� â7¶9b� � �' ff ê�ç�� �¦f �

��Vb�, &Ú� ff �N�f �Ö~� 298.15 K~ bj ±0.05 K

~ JNº*� B~�B �N�B "�, �òº � nã fö IÚ ¢

;Nê¢ Fæ� > ®² ~&
. 6� ;{� ';j *~� �²..�

0.001 ml� motor driven burette(775 Dosimat, Metrohm)j ÒÏ~� '

;~&
. ¶9n~ �òº 2MPf Ï
� ¢; �Wj <ê� ª~�

B�~&b�, motor burettej �Ï~� b� ';~� Ï�� ò-²

vJæº 6j £î
. �r~ Ï
, b 5 2MP~ �Wj êÖ~&b

�, 
r �W~ G;j *~� 2MP¢ Î&~� �òº 
� ÷jæ²

B
. � ç�öB ÷jê �òö 
� b� ';~�B ?f O»b�

Ï�ê �F~ �Wj G;~&
.

2-2-2. &wF(Tie-line) Ö;

&wFf 50 ml~ vialö âWª �ò¢ 20 ml ;ê I�, 298.15±0.05

K� Fæ>º �N� nö IÚ ï;ö ê��Î ê �Wj ªC~�

Ö;~&
. b��òº Ï
f bj 7ïj(%)� 50 : 50b� ~� 2MP

~ jNj 10%O Ã&�Ê� B�~&�, �N�¢ �Ï~� ï;Nê

ö ê��Î êö, j*� ï;ö ê�� rræ(£ 12�* �ç) ¶C

v>V� v>� ê, 24�* �ç O~~� B� ®Ï~ ê�b� ªÒ

�V
. Vial Ú¦~ �ò& n;>Ú ê�b� ªÒB v �ç [~ �

òº "ÒV¢ �Ï~� '' j�~� ªC~&
.

2-3. ªC

ªCf gas chromatography(Hewlett Packard, 5890 ser. II)¢ �Ï~

� >¯~&�, �;çb�º polyethylene glycol� z+>Ú ®º HP-

FFAP capillary column(25 m×0.2 mm×0.3µm)j ÒÏ~&b� TCD¢ ÒÏ

~� ¦Â~&
. ªCö ÒÏB G.C~ carrier gasº 99.999% �ç~ �

�&Ê¢ ÒÏ~&
. Oven~ Nêº 30oC/minb� ßN�B 80-140oCö

B �Ò� injection" detectorº '' 170oCf 200oC� ¢;~² F

æ~&
. �W~ êÖf ¦ÂB ' �ò~ ��îÆ�Î~ �'b�¦

V � (1)" (2)¢ �Ï~� ' �ò~ response factor¢ �~�, �©b

�¦V ^ �Wj �~&
. �r Ú¦ �&bî�º 2MP¢ ÒÏ~

&
.

(1)

(2)

3. Ö" 5 �V

3-1. Ò*W 
þ


þ~ Ò*W" ç7 B·� Ë~~ �*Wj rj�V *� benzene

(1)+water(2)+acetonitrile(3)êö &� ^ò[10]" ÿ¢ ��öB .j


þj >¯~� jv~&
. b��ò~ ªCO»ö ®Ú, ̂ òöBº �

.�j �Ï~&�, � 
þöBº gas chromatography� ªC~º O

»j �~&
. Fig. 2º � jvÖ"¢ ¾æÚ�, ªC O»" ÒÏb

î 5 Ë~~ ;êö V¢ v 
þÖ"*ö �. N�¢ ��Z ~¾

�âöB ��� Ï�ê �F" &wF� ^ò~f jv' ¾ ¢~�

j r > ®îbæ�, ¦ÆB O»" Ë~� solvent(1)+water(2)+2MP(3)

b�êö &� �-�ï; G;
þj 
�~&
.

RFi

CCi

AREAi

------------------ 
  AREAi

CCref

------------------ 
 ×=

CONCi

RFi( ) AREAi( )

RFi( ) AREAi( )
i 1=

n

∑
-------------------------------------------- XF×=

Table 1. Physical properties of the liquids used

Chemicals Supplier
Density(at 25oC) Purity

(by G.C. wt%)this work lit. valuea

2MP Aldrich 1.0205 1.0259b 99.8
n-hexane Aldrich 0.6558 0.6548 no impurity
Cyclohexane D.S.P 0.7739 0.7739 99.9
n-heptane Junsei 0.6800 0.6795 no impurity
MCH Junsei 0.7651 0.7651 no impurity
MCP Junsei 0.7452 0.7439 99.9
Benzene D.S.P 0.8737 0.8737 99.9
Acetonitrile Junsei 0.7779 0.7766 99.9
Ethylacetate Junsei 0.8946 0.8946 99.9

a: Data from Dortmund Data Bank(DDB, version 1998).
b: At 20oC.

Fig. 1. Schematic diagram of experimental equipment for binodal curve.
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3-2. Solvents(1)+water(2)+2MP(3)~ �-� ï;

298.15 KöB solvents(1)+water(2)+2MP(3) âWªêö &� Ï�ê

�F" &wFj G;~&
. Ï
�º cyclohexane, n-hexane, n-heptane,

MCH, MCP, ethyl acetate¢ ¦Æ~&b�, ' Ï
ö &� Ï�ê �F G

; Ö"¢ Table 2ö �V~&
. ''~ b�êöB ºÂçöBº &Ú

� ;{� «ö6j dj > ®îb¾, çê6 �ê~ ºÂº~ç~ 
þ

öBº Gnb� ;{� «ö6j &V~V& Ú[�, Ò*WöBê ÎÚ

 ̂
þç JN& .Ò>î
. Ethylacetate b�ê¢ B�~�º cyclohexane,

n-hexane, n-heptane, MCH, MCP~ b�êöB Ï�ê �F" &wF�

?f ãËj &æ�, 2MP �W� 0.8�ç~ ¸f �öB çê6� &V

>î
. ºÂçöBº 2MP~ Ö ªN� 0.5 �~öB bf �~ Ï�>

æ p~�, � �ç �WöBº j" 'f ·ò� Ï�>î
.

3-3. NRTL�ö ~� ç&

298.15 KöB G;B Table 3~ âWªê &wF ��V¢ NRTL�j

�Ï~� ç&�B �~
. ç&O»f kçöB jWª~ &wF 
þ~

¢ (i)¢~� 
B æ>ö ~� &wF êÖ~¢ (i)¢ � r 


r~ Ï'�> F¢ �²z�Êº O»j �~&
.

(3)

Ï'�>¢ ò�~º 
Bæ>¢ ºÖ~V *~� Abramsf Prausnitz[4],

Anderson" Prausnitz[5]& excess Gibbs free energy;�� ¾æÞ �j

mixing Gibbs free energy�" ��~� ÒÏ~&
. �çb�¦V êÖ

B 2¢�Vf ÞN¢ Table 4ö ¾æÚî
. Ethylacetatef n-heptane

ê¢ B�~�º 1 mole% &~ ÞN� ±f ¢~Wj �&b�, 
þ

~f êÖ~ *~ jvFêº &�'b� n-hexane(1)+water(2)+2MP(3)

ö &~� Fig. 3ö ê�~&
.

3-4. çê6 �W~ Ö;

Ï�ê �Fç~ çê6 �Wj Treybal" Weber[11]& B�� O»

b� Hand[12]& B�� � (4)¢ �Ï~� �~&
. ®Ïç~ v [

¯, FVçöB~ Ï
, b, 2MP~ ³ê¢ '' X11, X21, X31�¢ ~�,

>Ï�çöB~ Ï
, b, 2MP~ ³ê¢ '' X12, X22, X32¢ ~� F

Vç" >Ï�ç*~ &wF �Wjº � (4)f ?� çFb� ¾æâ

> ®
.

(4)

�Þ, çê6öBº ®Ï '�� Ò¢ææ� *~ � (4)öB X31/X11"

X32/X22º � (5)f (6)b� ¾æâ > ®
.

(5)

(6)

6�, çê6f &wF" Ï�ê �F~ ��6�æ� � (4)ö çÏ

&>¢ �~� log(X31/X11)" log(X32/X22)¢ log-log²�ö ê�~�

çF&ê� ¾æ¾�, � (5)f (6)j � (4)ö &«~� log(X3/X1)"

log(X3/X2)¢ ê�~� �F� ;W>Ú çF"~ v6öB òÂ
. �

v6öB Ç» ²� log(X3/X2)f «»²� log(X3/X1)¢ £� Xi=1

X jk
exp

X jk
cal

F Xjk
exp i( ) X jk

cal i( )–[ ]
2

k 1=

2

∑
j 1=

3

∑
i 1=

n

∑=

X31

X11

-------- m
X32

X22

--------
n

=

X32

X22

--------
X31

X21

--------
X3

X2

------= =

X31

X11

--------
X32

X12

--------
X3

X1

------= =

∑

Fig. 2. LLE data for benzene(1)+water(2)+acetonitrile(3) system at 298.15 K
(Comparison with reference[10] data).

Table 2. Binodal curve data for solvent(1)+water(2)+2MP(3) at 298.15 K(wt%)

X1(A) X2 X3 X1(B) X2 X3 X1(C) X2 X3

67.06 
56.05 
46.01 
38.56 
28.39 
18.52 
18.62 
13.96 

1.27 
1.00 
1.93 
2.04 
4.00 
7.54 

13.29 1
18.18 1

31.67 
42.94 
52.07 
59.40 
67.01 
73.94 
78.09 
77.86 

68.13 
64.23 
58.20 
48.78 
39.08 
29.21 
18.31 
19.45 

0.60 
0.71 
1.11 
1.18 
2.09 
2.96 
4.90 
8.17 

31.27 
35.06 
40.68 
50.04 
58.83 
67.83 
76.79 
82.38 

78.69 
67.71 
58.07 
49.13 
39.21 
28.14 
19.07 
19.10 

0.26 
0.39 
0.59 
1.05 
1.93 
3.02 
4.81 
8.80 

21.06 
31.90 
41.33 
49.82 
58.86 
68.83 
76.12 
82.10 

X1(D) X2 X3 X1(E) X2 X3 X1(F) X2 X3

88.52 
68.13 
58.87 
37.61 
18.70 
18.88 
13.39 
11.19 

0.20 
0.38 
0.68 
2.60 
7.01 

11.66 1
23.62 1
77.62 1

11.28
31.49 
40.45 
59.79 
74.29 
74.60 
72.98 
21.19 

88.97 
80.31 
72.36 
62.39 
39.91 
30.73 
18.93 
19.16 

0.00 
0.00 
0.30 
0.52 
2.31 
4.15 
6.39 
9.62 

11.03 
19.69 
27.34 
37.09 
57.79 
65.12 
74.67 
81.23 

86.43 
76.16 
48.11 
35.65 
18.97 
17.56 
14.94 
12.07 

14.13 
15.94 
18.64 
28.51 
52.47 
57.51 
66.84 
78.42 

19.44 
17.90 
33.25 
35.84 
28.56 
24.93 
18.22 
19.50 

(A) Cyclohexane, (B) n-hexane, (C) n-heptane, (D) Methylcyclohexane, (E) Methylcyclopentane, (F) Ethylacetate
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� ©j �J~� X1, X2, X3~ çê6 �Wj �� > ®
. �f ?

� ''~ âWª b�bêö &~� 298.15 KöB ��ê çê6~ �

W(wt%)f Table 5ö ¾æÚî
.

3-5. Ï
~ F�êf ªVê

Ï
 ºÂ �;öB &Ë FÖ>Ú¢ ~º 7ºÒ�f Ï
~ F�b

�, Ï
º Ï'Ïîj 
ï Ï�~�B, ¾r Ïîj �F~� ®º ö

Table 3. Experimental tie lines for solvent(1)+water(2)+2MP(3) at 298.15 K(mol%)

Solvent
Organic phase Aqueous phase

X11 X21 X31 X12 X22 X32

Cyclohexane 97.7109
95.7478
92.3177
88.2844
79.4798
70.0337
60.8140

0.0000
0.0000
0.0762
0.0598
0.1229
0.2373
0.4579

2.2890
4.2522
7.6061

11.6558
20.3972
29.7290
38.7317

0.0688
0.0583
0.1356
0.2536
0.6220
1.4162
2.6960

84.4397
69.6981
56.2310
45.3603
34.4234
26.1746
20.9256

15.4916
30.2437
43.6333
54.3861
64.9537
72.4093
76.3783

n-hexane 95.9863
94.3454
93.6410
86.2773
83.6058
77.6754
69.8568

0.5965
0.8064
0.0564
0.5397
0.3689
0.1609
0.2347

3.4172
4.8482
6.3589

13.2069
16.0582
22.2063
29.9861

0.1065
0.1255
0.1265
0.1732
0.2853
0.7753
1.9277

85.3212
71.5984
59.0479
41.9446
36.7637
27.8764
20.4817

14.5723
28.2761
40.8256
57.8822
62.9510
71.3483
77.5906

n-heptane 97.1736
93.8632
93.6743
89.1889
85.7046
79.8626
75.3579

0.0487
0.0000
0.2351
0.1444
0.1964
0.0874
0.1493

2.7776
6.1368
6.0906

10.6667
14.1237
20.0500
24.4928

0.3557
0.0325
0.0362
0.0834
0.1985
0.6374
1.3571

82.1288
59.2935
65.2254
47.9825
35.9766
26.0457
20.4761

17.5137
40.6740
34.7384
51.9341
63.8148
73.3169
78.1668

Methylcyclohexane 95.9727
94.4992
92.9116
88.5458
83.6408
74.6658
60.0676

0.0000
0.1982
0.0000
0.0395
0.0000
0.1035
0.6011

4.0272
5.4809
7.0884

11.4147
16.3592
25.2306
39.3313

0.2788
0.0447
0.8689
0.3184
0.8229
1.3123
3.6462

81.0256
68.4982
55.8716
45.9705
35.6263
26.5028
17.5829

18.6956
31.4571
43.2595
53.7111
63.5507
72.1849
78.7708

Methylcyclopentane 96.8821
95.0152
91.8943
86.7236
80.7545
76.6408
57.8909

0.0686
0.0496
0.0849
0.0329
0.0998
0.1103
0.5913

3.0669
4.9526
8.0736

13.2435
19.1704
23.2866
41.7176

0.0547
0.8732
0.0847
0.2558
0.4769
0.7093
3.3678

85.2576
71.3535
57.1959
44.6762
36.3073
32.0074
19.4306

14.6877
27.7733
42.7195
55.0679
63.2158
67.2833
77.2016

Ethyl acetate 95.1314
90.7503
87.0460
77.5436
67.2910

2.6176
3.7135
4.3282
6.1002
9.2868

3.3546
6.7789

10.0557
18.3945
26.5106

6.4930
7.8377
8.9992

12.8441
18.5979

91.8852
86.7030
80.9403
64.4797
49.5663

1.6219
5.4593

10.0605
22.6762
31.8358

Table 4. NRTL parameters solvent(1)+water(2)+2MP at 298.15 K

Solvent g11 g22 g33 g12 g13 g23 α12 α13 α23 RMSD

Cyclohexane 1.0 1.0 1.0 0.0346 0.2821 1.5957 0.2 0.7268 0.6888 0.0151
n-hexane 1.0 1.0 1.0 0.0380 0.4779 0.1017 0.2 0.4386 0.6888 0.0174
n-heptane 1.0 1.0 1.0 0.7148 0.2901 0.1169 0.2 0.5679 0.6888 0.0932
MCH 1.0 1.0 1.0 0.0438 0.6472 0.6740 0.2 0.3 0.6888 0.0206
MCP 1.0 1.0 1.0 0.0500 0.7517 0.7958 0.2 0.2733 0.6888 0.0178
EA 1.0 1.0 1.0 0.4050 1.1699 0.0115 0.2 0.3 0.6888 0.1066

RMSD
X jk

exp i( ) X jk
cal i( )2–

6n
--------------------------------------

1 2⁄

k 1=

2

∑
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3
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n
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Fig. 3. Liquid-liquid equilibria for n-hexane(1)+water(2)+2MP(3) system
at 298.15 K.

Table 5. Calculated concentrations of the plait points for each solvent
system(wt%)

Solvents
Hand correlation

X1 X2 X3

Cyclohexane
n-hexane
n-heptane
Methylcyclohexane
Methylcyclopentane
Ethylacetate

3.96
2.04
4.54
2.74

10.310
12.070

18.18
30.47
60.40
28.33
11.54
78.43

77.86
67.19
35.06
68.73
78.13
09.50

Fig. 4. Selectivity curves for solvent(1)+water(2)+2MP(3) system at 298.15K.

Fig. 5. Distribution of 2 MP between water layer and solvent layer at
298.15 K.
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