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Temperature dependence of the free energy of sorption of 
n-alkanes and energy contribution of their methylene groups 

on columns with fuilerene C60 
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The partial motar free enemy, enthalpy, and entropy of sorption of C11--C23 n-alkanes 
were calculated on the basis of the GC data obtained on the glass capillary column coated 
with fidlerene C60 (Fut-60) as stationary phase. The thermodynamic parameters of n-alkane 
sorption on a column wilh Ful-60 and a fused silica capillary column with polydimethylsiloxane 
OV-I were determined and compared. The enthalpy-entropy compensation effect For the 
sorption of n-alkanes on Ful-60 and OV-I was found. A linear dependence of the 
partial molar free energy of n-alkane sorption on the temperature of analysis and carbon 
chain length was found. The free energy contribuuons of the methylene groups were 
calculated, and their temperature dependences were studied. The differences in the tempera- 
ture dependences of the energy contributions of methylene groups of n-alkanes on Ful-60 
and OV-I were revealed. The entropy contribution is 68--82% of the enthalpy contr ibution 
which indicates a substantial role of the number of contacts with Ful-60 in retention of 
n-alkanes. The ability of Ful-60 lbr dispersive interactions is similar to those of nonpolar  
liquid phases and substantially differs from that for carbon adsorbents, Fullerene columns 
were shown to be convenient for analysis of highly boiling organic subslances in aqueous and 
organic solutions. 

Key words: capillary' ga~ chromatography, fullerene C6~ ~ as stationary phase, n-alkanes, 
partial molar free energy of sorption, enthalpy, entropy, energy contribution of methylene 
group, temperature dependence. 

Futlerene is a promis ing  s ta t ionary phase in c h r o m a -  
tography due to the spher ical  form of  the ful lerene C60 
molecule ,  its the rmal  stabil i ty,  and ability for d o n o r -  
acceptor  interactions.  1-3 We were first to use ful lerene as 
the s ta t ionary phase in gas chromatography .  "1,5 Aqueous  
and organic  solut ions of  a l ipha t ic  and aromatic  hydroca r -  
bons,  cyclic amines ,  and  a l coho l s  were analyzed on  glass 
co lumns  coated with ful lerene C~, 0 (Ful-60). It was shown 
that  fullerene C60 by its c h a r a c t e r  of  dispersion in te rac t ion  
is closer to nonpo la r  liquid phases  than to solid ca rbon  
sorbents.  The  partial molar  free energies of  sorpt ion of  
the methylene unit  of  n -a lkanes  on a capillary c o l u m n  
with Ful-60 are the same as those on Apiezon L and  
twofold lower than  on  c a r b o n  sorbents.  4 

The  abil i t ies of  fu l lerene  C60 and graphi t ized  c a r b o n  
blacks for dispersive i n t e r a c t i o n s  unde r  c o n d i t i o n s  o f  gas 
adsorp t ion  c h r o m a t o g r a p h y  differ  substantial ly.  6"7 Study 
on  c o l u m n s  packed with C h r o m o s o r b  750 covered  with 
a ful lerene layer showed  tha t  fu l lerene  differs in adso rp -  
t ion  proper t ies  f rom g r aph i t i z ed  ca rbon  black.  In par-  
t icular ,  n -a lkanes  are r e t a ined  less on ful lerene than  on  
C a r b o p a c k  C HT. 6,7 

The  fact tha t  fu l lerene is not  widely used as the  
s ta t ionary  phase  is assoc ia ted  wi th  diflSculties o f  o b t a i n -  

ing un i fo rm so rben t  layers in a capillary, and  u n i t b r m l y  
covered suppor t s  in packed  c o l u m n s .  4 - ' r  This  is due to a 
low solubil i ty o f  ful lerene in the m a j o r  o rgan ic  solvents .  ~ 
Ful lerene  C60 is o f  in teres t  fo r  c h r o m a t o g r a p h y  as a 
stationary, phase  tha t  differs in i ts p r o p e r t i e s  f rom t rad i -  
t ional  adsorben t s  and  liquid s t a t i o n a  W phases.  

In this  work,  we s tudied  the  t h e r m o d y n a m i c  p a r a m -  
eters of  so rp t ion  o f  n -a lkanes  o n  capillary, c o l u m n s  wi th  
Ful-60.  The  specif ic  fea tures  of  s o r p t i o n  o f  n -a lkanes  on  
c o l u m n s  with Fu l -60  and  wi th  the  s t a t i o n a r y  n o n p o l a r  
po lyd imethy l s i loxane  liquid p h a s e  were  c o m p a r e d .  

Experimental 

Fullerene C60 (purity 99.9%) was isolated from a C60--C70 
mixture by vacuum fractional sub l ima t ion .  The purity of 
fulterene was monitored by UV spectroscopy. A glass capillary, 
column coated with fullerene C~, 0 (40 m • 0.30 ram) was 
prepared by the high-pressure static method. '~ Fullerene was 
supported from the specialty selected mixture of solvents 
(n-pentane--n-hexane--n-heptane-- toluene) .  The thickness of 
the stationary phase layer (df) was 0. t btm. A fused silica 
capilla U column coated with OV-I  (25 m x 0.32 ram. df = 
01 ~tm) (Nordion Instruments, Finland) was used as the 
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Table I. Capacity factors (k ')  fi)r n-atkanes at different temperatures of the column with Ful-60 

n-Alkane 90 ~C 100 '~C I I0  ~ 120 ~ 130 ~ 140 ~ 150 ~ 160 ~ 170 :C 180 ")C 190 "C 200 ~ 

Cli 0.12 0.07 0.043 0.03 . . . . . . . . .  
Cj2 025  0.15 0 0 9  0.06 0.04 . . . . . . . .  
Ci3 0.55 0.31 0.17 0, II 0.07 0.04 0.03 . . . . .  
C)4 t.18 0.63 0.34 0.2l 0. I3 0.08 0.05 0.04 . . . .  
C~5 2.53 1.29 0.67 0.39 0.23 0.14 0.09 0.06 0.04 0.03 -- --  
Ct6 5.41 2.63 1.30 0.74 0.43 0.25 0.16 010  0.07 0.05 0.03 -- 
C~7 --  5.18 2.46 1.36 0.76 0.44 0.28 0.17 0. II 007  0.05 0.03 
C~s -- -- 4.91 2.62 1.41 0.79 0.48 029  0.18 0.12 008 0.05 
C)9 -- -- --  4.88 2.54 1.38 0.82 0.47 0.29 0.19 0.12 0.08 
C2o . . . . . . . . . .  0.30 0.19 0.12 
C2~ . . . . . . . . .  0.47 0.29 0.18 
C22 . . . . . . . . . .  0.45 0.27 
C23 . . . . . . . . . . .  0.41 

reference column, n-Alkanes with the number  of carbon atoms 
from 11 to 23 were analyzed 

Gas ch romatograph ic  analysis was carried out on a 
Micromat-412 chromatograph (Finland) with a flame-ioniza- 
tion detector in the isothermic runs at temperatures of  90-- 
20/I *C. The temperatures of the injector and detector were 
225 and 250 ~ respectively. The splitting of carrier gas (H 2) 
flows in front of the colt, ran was I : 50. The inlet pressure was 
0.7 atm for the co lumn with fullerene and 1.1 arm for the 
column with OV-I .  Samples of an n-pentane solution of 
n-alkanes CII--C23 with a volume of  0.1--0.2 gL were ana- 
lyzed. 

The "dead" time of  the column was found from the time of 
elution of the nonsorbed gas, metbane. The capacity factors k" 
(Tables I and 2) were used as retention parameters. The 
partial molar free energies of sorption of  n-alkanes analyzed 
were calculated by the formula 

AG = -2 .3  RTIog(k'[~,), ( l )  

where R = 8.3143 J mol -I deg -) is the universal gas con- 

stant: T is the temperature of analysis. K; k" = (t - to)it o is 
the capacity factor; t is the retention time of  the substance; t 0 
is the hold-up time of  methane in the column; and ~3 is the 
phase ratio calculated from the formula I~ 

f~ = (d~ - 2dr)2/[4dffd~ - 4-)1, 

where d c is the inner diameter of the column; and d r is the 
thickness of the stationary phase layer. The standard deviation 
of the ,5.6" values calculated by formula (1 ~, did not exceed 
+0.050 kJ tool - I .  

The partial molar  free energy of  sorption per methylene 
unit (AG(CH2)) was calculated by- the  formula ILtz 

AG(CH2) = -2 .3RTIog( t ' n+) / t ' , ) ,  (2) 

where I'n+l and t',, are the adjusted retention times of ho- 
mologs of n-alkanes that differ by one CH 2 group. 

The enthalpy (AH) and entropy (~S) components of  the 
partial molar free energy of sorption of n-alkanes for each 
stationary, phase were calculated by solution of the system 
of equations (3) using • values experimentally found at 
different temperatures corresponding to the region of  the 
I o g k ' - - I / T  linear function that was confirmed by computer  
processing: 

Table 2. Capacity fimtors ( k )  for n-alkanes at different tem- 
peratures of  the column v, ith OV-I  

n-Alkane 90~ 100:C 120~ 140~ 160~C 180"C 200~ 

CIt 3.21 2.10 0.98 0.52 -- -- -- 
CI2 6.38 4.04 1.77 0.93 -- --  --  
C)3 12.57 7.7 3.16 1.51 -- -- --  
C~4 24.72 14.95 5.56 2.55 t.29 --  --  
C~5 48.40 27.59 9.90 4.28 2.04 1.06 -- 
C~6 -- 51.88 17.42 7.13 3.24 1.62 -- 
Ct7 -- --  30.78 11.89 5.14 2.43 1.29 
C ~  -- --  53.38 19.60 8.08 3.67 1.86 
Ct9 . . . .  32.34 12 .71  5.52 2.70 
C20 . . . . . .  8.31 3.90 
C2t . . . . . . . .  5.61 
C22 . . . . . . .  8.08 
C23 . . . . . . .  I 1.60 

AG t = A H -  TtAS, 

a a  2 = z a H -  FzAS. 13) 

The function of logk" vs inverse temperature for n-alkanes 
CI3--Ct9 on Ful-60 is presented in Fig. I. 

Aqueous and benzene solutions of  medicines (substances) 
were analyzed by the known method t3 on a capillaD' column 
coated with Ful-60 at linear temperature programming from 
150 to 200 ~ with a rate of  8 deg min -~, 

Results and Discussion 

C h r o m a t o g r a p h i c  r e t e n t i o n  is d e t e r m i n e d  by the  e n -  

ergy o f  i n t e r m o l e c u l a r  i n t e r a c t i o n s  o f  ana lyzed  sub-  

s t ances  wi th  the  l iquid s t a t i o n a r y  phase  o r  adso rben t .  

The  part ial  m o l a r  free e n e r g y  o f  s o r p t i o n  (AG) is a 

quan t i t a t ive  cha rac t e r i s t i c  o f  these  in t e rac t ions ,  w h i c h  

are ma in ly  dispersive for  n - a l k a n e s .  The  t e m p e r a t u r e  

d e p e n d e n c e  o f  AG tbr n - a l k a n e s  Cl1- -C23 on  Fu l -60  
and O V - I  can give a d d i t i o n a l  i n f o r m a t i o n  on  the spe-  

cific f ea tu res  of  the  b e h a v i o r  o f  h y d r o c a r b o n s  on  these  
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Table 3. Partial molar free energy of sorption of n-a|kanes (-AG/kJ tool -I) at diffcrent temperatures of the column with 
Ful-60 

n-Alkane 90 ~ 100 ~ 110 ';C 120 ~ 130 -'C 140 ~ 150 ~ 160 ~ 170 ~ 180 ~C 190 ~'(~ 200 ~ 

CII 13.48 12.31 11.04 9.93 . . . . . . . . . .  
Ct2 15.83 14.56 13.25 12.10 1 1 , 0 3  . . . . . . .  
C~3 18.16 16.83 15.45 t4.34 t3. t5 1 1 . 9 9  1 1 . 0 4  . . . . . .  
Ci4 20.4~, 19.04 17.63 16.48 15.24 14.04 13.06 11.85 . . . . .  
CI5 22.75 21.28 19.76 18.56 17,29 16.03 14 94 1 3 . 7 4  1 2 . 6 9  11.58 -- -- 
CI6 25.04 23.49 21.89 20.64 19,31 18.00 16.88 15.59 1446 13.40 11.97 -- 
CI7 -- 25.60 2 3 . 9 1  22.60 21,26 19.92 1 8 . 7 4  I7.43 1 6 , 3 0  15.16 13.85 12.60 
Ci8 -- -- 26.12 24.75 23,31 21,90 20.67 19.30 18.06 16.89 15.59 14.31 
CI9 -- -- -- 26.78 25,26 23.82 22.54 21.12 19.82 18.61 17.30 16.03 
C2 o . . . . . . . . . .  20.35 1 9 . 0 0  17.64 
C21 . . . . . . . . . . . .  22.07 2069 19.33 
C2 2 . . . . . . . . . .  22.35 20.93 
C23 . . . . . . . . . . .  22.54 

logk" 

1,0 Cf9 C1~ C~? Cjo 

, t5 c .  

o 

- - 2 0 .  " ' ' r I , t , . 

2.1 2.2 2.3 2.4 2.5 2.6 2.7 2.8 
T - 1 . 1 0 - 3 / K - J  

Fig. I. Dependences of Iogk' on /--I for n-alkanes C13--CI9 
on a capillary, column with Ful-60. 

phases,  The partial mo la r  free energy o f  sorp t ion  of  

n -a lkanes  CII--C23 in the s tudied t empera tu re  range 
depends  linearly on the t empe ra tu r e  of  analysis  for both 
phases.  As the t empera tu re  o f  the  co lumn increases ,  the 
partial molar  free energy o f  sorpt ion o f  n -a lkanes  de-  
creases  (Tables 3 and  4). T h e  ,SG values for n -a lkanes  on 
Ful-60 are lower than those  on  OV-1,  which indica tes  a 
lower energy of  the dispers ive  interact ion o f  n -a lkanes  
With Ful-60.  At 120 ~ the  di f ference i n  t h e  values of  
the partial molar  free energy  o f  sorpt ion o f  n -a lkanes  on 
co lum ns  with OV-I  and Fu l -60  is - 1 0 . 5  kJ tool - I .  It 
increases  as the t e m p e r a t u r e  o f  the c o l u m n  increases  
and reaches  -13_5 kJ mo1-1 already at 180 ~ 

The partial molar  free e n e m y  of  so rp t ion  increases 
with increasing mass of  n -a lkane ;  linear d e p e n d e n c e s  of  
the AG values on the n u m b e r  of  carbon a t o m s  of  the 
n-a lkanes  are observed for Ful -60  and O V - I  (Fig.  2), 

An increase m the t e m p e r a t u r e  of the c o l u m n  results 
in a decrease  in the energy  con t r ibu t ions  o f  me thy lene  

Table 4. Partial molar free energy of sorption of n-alkanes 
(-AG/kJ tool -I) at different temperatures of the column with 
OV-I 

n-Alkane 90~ 100~C 120"C 140~ 160~ 180~ 200~ 

Cit 23.67 23.04) 21.75 20.67 -- -- --  
C~2 25.74 25.03 23.68 22.67 -- -- --  
CI3 27.78 27.03 25,57 24.34 -- -- - -  
C~4 29.82 2901 27,44 26.14 24.94 -- --  
C~s 3184 30.98 29.30 27.91 26,60 25.37 --  
CI6 -- 32.94 31,14 29.66 28,26 26.95 --  
CI7 -- -- 33,00 31.42 29.92 28.49 27.24 
CTS -- -- 34.8(I  33.13 31.55 30.04 28.70 
CI~ -- -- -- 34.85 33.18 31.57 30.16 
C2o . . . . .  33,II 31.60 
C2~ . . . . . .  33.03 
C22 . . . . . . . .  34_46 
C23 . . . . . . .  35.88 

- A  G,/kJ tool - I  

36 [ / 

32 ~ / 

24 ~ ~ 4 5 

8 L t i i L 1 i 

I0 12 14 16 18 20 22 
i 

? /  

Fig. 2. Change m the partial molar free energy of sorption 
(-AG) with increasing chain length of n-aikane (n) at t00 
(/, Z). 120 (3). 180 (4), and 200 ~ (5) on capillary columns 
with OV-1 (l) and.Ful-60 (2--5). 

units of  n-a lkanes  on capillary, co lumns  with Ful-60 and  
OV-I  (Tables 5 and 6). C o m p a r i s o n  of  sorpt ion on 
Ful-60 and  OV-I  shows that  on  fullerene n-a tkanes  are 
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Table ,5. Con t r ibu t ions  of the meti lylene unit (-5(~CH2)/kJ mol - I ) t o t h e  partial molar I-ree energy o f s o r p l i o n  o fn - a lkanes  
at different temperature~ of a c o l u m n  with Ful-60 

Number  of  
methylene  
unit 

90 ~C 100 '~C I10 "C 120 ~C 130 :C 140 C 15I ~ 160 C 170 'C IgO 'C 190 ~(  2(0 %: 

12 2 3 5  225 2.21 2. t7 . . . . . . . .  

13 2 33 . . . .  "~ ' "  _," _'~0 2.14 _') 12 - . . . . . . .  
14 2.30 223 2 18 2.14 2.09 205  202  . . . . . . . .  
15 __9 2.22 2.13 2.0S " " I 99 1.88 189 -- 
16 229 2.21 2.13 2.08 2.02 I 97 194 1.86 1.82 182 --  - 
17 --  2.11 202  I 96 195 192 186 1.83 181 176 188 -- 
18 . . . . . . . . . . .  178 I 75 1.77 175 
19 . . . . . . . . .  176 t.73 1.71 1.72 
20 . . . . . . . . .  1.72 17 I I 62 
21 . . . . . . . . . .  172 I 69 1.68 
" ~ ' ~  . . . . . . . . . . . . .  166 1.61 
23 . . . . . . . . . . . . . . .  I 00 

Table 6. C o n t r i b u t H ) n s  of the  m e t h y l e n e  unit 
t--• tool - I )  to the partial molar free energ~ of 
sorption of n-a lkanea  at different tempera tures  of  a columr~ 
with OV- I 

Number  9 0 r  100~C 120%: 140~  I o 0 ~  180"C 2 0 0 C  
o f 

methylene 
t l l l l l  

12 207  2.03 
I 3 2.05 2.00 
14 21)4 1.98 
15 203  I 98 
16 - -  196 
17 - - 

I ' 4  -- -- 
20 -- -- 
21 -- - -  
".-2 -- - -  
23 -- -- 

193 2.00 
1.89 .67 
I 87 7 9  
1.86 77 
1.85 76 
1.,86 7 6  
1.80 .72 

-- 72 

_ _ m 

1 . 6 7  - -  - 

I ~ 6  1 5 8  - -  

I 66 1.54 --- 
163 1.55 I 40 
I 63 154 1.46 

- -  I 5 4  1 4 5  

- -  - -  1 4 3  

- -  - -  1 4 3  

- -  - -  1 4 2  

a d s o r b e d  wi th  Io'~,er energLes,  bu t  t h e  e n e r g y  c o n t r i b u -  

t ions  o f  e a c h  m e t h , , l e n e  un i t  a re  h i g h e r  t h a n  t h o s e  for 

s o r p t i o n  on  O V -  1. T h e  :xG(CH e) v a l u e s  d e p e n d  l inear ly  
on  the  t e m p e r a t u r e  o f  ana lys i s .  T h e  c o r r e l a t i o n  coe f f i -  

c m n t s  o f  t he  l i n e a r  d e p e n d e n c e  (R)  r a n g e  f r o m  0.98 lo 

0 .99.  a n d  t he  s t a n d a r d  d e v i a t i o n  r a n g e s  f r o m  0.01 1o 

0 .002 kJ mo l  - I ,  w h i c h  is w i t h i n  t h e  e r r o r  o f  d e t e r m i n a -  

t ion.  T h e  t e m p e r a t u r e  i n c r e m e n t s  o f  m e t h y l e n e  un i t s  o f  

n - a l k a n e s  d e p e n d  o n  the  n u m b e r  o f  the  h o m o l o g  and  

dif fer  for  F u l - 6 0  a n d  O\- ' - I .  
It is o f  i n t e r e s t  to c o m p a r e  t h e  e n e r g y  c o n t r i b u t i o n s  

o f  i n d i v i d u a l  m e t h y l e n e  u n i t s  for  F u l - 6 0  a n d  A p - L  
c a l c u l a t e d  by t h e  p u b l i s h e d  d a t a .  II F o r  e x a m p l e ,  at the  

t e m p e r a t u r e  o f  a n a l y s i s  o f  120 ~  t he  g G ( C H  2) va lues  

for the  12th a n d  13th m e t h y l e n e  u n i t s  o n  A p - L  are 
- 2 . 1 4  a n d  - 2 . 1 2  kJ mol  - I ,  a n d  t h e y  are  - 2 . 1 7  and  
- 2 . 1 4  kJ t oo l -L ,  r e s p e c t i v e l y ,  o n  F u l - 6 0 .  P r o b a b l y ,  the  

n u m b e r  of  c o n t a c t s  of  the s o r b a t e  w i t h  t he  s o r b e n t  has a 

Table 7. Enthalpies ~H) and entropies  (,~,% fm homoh)gs of 
n-alkanes on capillaQ' cohmms with Ful-60 and OV-I 

n-Alkane -'xH/kJ m(H -~ -AS,/kJ too l  t deg- i  

Ful-60 OV- I Ful-60 OV- I 

Cn) 56.75 454[  
C1., 59.54 4,',;46 
C ~  62.15 5278 
CI4 6457  55.06 
C~5 67 03 57.74 
CIt , 7101 604~ 
Ce? 7268  61 30  
Cf,, 75 96 64v5  
Clu 7900 67 17 
C2o 8172  -- 
C.? I 84.13 -- 

0. 19 
0 2 1  
0. 22 
0 22 
0. 23 
0. 28 
0. 27 
0 . 3 1  
0 33 
0 135 
0.137 

0066  
0.t362 
0 069 
0 07t1 
0 072 
0 074 

0072 
0076  
0 078 

considerably stronger elfect on ti le dispersi,,e in teract ion 
o f  higher n-alkanes u, tth iu l lerene Ct~ 0 Thus,  it fol lows 
from the results o f  our ~ork  and the data ~-7 on chang- 
ing tile abdi ty  for disperse,e in teract ions that the sor- 
bents are related by the fo l low ing  cor re la t ion :  nonpo la r  
l iqu id phases ( O V - I ,  Ap -L ,  Squalane)  > ful lerene C60 < 
so l id  c a r b o n  s u p p o r t s .  

We a lso  e s t i m a t e d  the  c o n t r i b u t i o n s  o f  t he  enthatp.,, '  

a n d  e n t r o p y  c o n t p o n c n t s  to t he  pa r t i a l  m o l a r  free e n -  

ergy o f  s o r p t i o n  o f  n - a l k a n e s  o n  c o l u m n s  wi th  F u l - 6 0  

a n d  O V - I .  S ince  a l inear  d e p e n d e n c e  o f  I o g k '  on  t / T  

(see Fig. I) is o b s e r v e d  on  t h e  c o l u m n  wi th  F u l - 6 0  a n d  

on  t r a d m o n a l  s t a t i o n a D  p h a s e s  for  all n - a l k a n c s ,  the  All  
a n d  ~ S  v a l u e s  for  e a c h  n-a lkap .e  s h o u l d  be u n c h a n g e d  in 

the  s t u d i e d  t e m p e r a t u r e  r a n g e  T h e  c a l c u l a t e d  va lues  o f  

the  e n t h a l p y  a n d  en t rop~  c o m p o n e n t s  are  p r e s e n t e d  in 
g a b l e  7. A n a l ) s i s  o f  these  d a t a  s h o w e d  t ha t  the  l i nea r  

d e p e n d e n c e s  o f _ ~ t t  and  ,XS o n  t h e  h o m o l o g  n u m b e r  a rc  

fulf i l led I'or b o t h  c o l u m n s  w i th  F u l - 6 0  (R  = 0 .99  a n d  
0 .98 ,  r e spec t ive ly )  and  c o l u m n s  wi th  O V - I  (R = 0 9 9  
a n d  0 9 2 ,  r e spec t ive ly )  As c a n  be  s e e n  in f a b l e  7, o n  
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Fig. 3. Correlation between enthalpy (-,AH) and entropy 
(-~,~ of sorption of n-alkanes on capillars columns with 
Ful-60 (1) and OV-I (2). 

the co lumn with Ful-60, AH for n-alkanes is higher than 
on the column with O V - I  The difference in enthalpies 

o f  n-alkanes on the two columns ranges from - 9 . 2 9  to 
- I  1.83 kJ tool - I ,  although the resulting free energy of  
sorption AG for Ful-60 is lower than for OV-I .  This is 
related to the difference of  the entropy factors on the 
columns compared. For example, the AS values for 
sorption on fullerene are almost twofold higher than 
those for sorption on potydimethylsiloxane. 

We also compared the contributions of the enthalpy 
(A/q) and entropy (T,~S) components to the partial molar 
free energy of sorption of  n-alkanes on columns with 
Ful-60 and OV-I .  At 120 ~ the entropy contr ibutions 
TAS for hydrocarbons CI I - -C t9  on the Ful-60 co lumn 
are 68--82% of AH, and those on OV-I are only 46--  
57%. Thus, for sorption of n-alkanes on fullerene, the 
contribution of the entropy component  to AG is much 
higher than that for sorption on OV-l .  Most likely, the 
structural factors play a more substantial role in sorption 
on columns with Ful-60, and the sorbate has a higher 
degree of freedom as compared to that for sorption on 
OV-1. 

It is known t4,15 that hydrocarbons under gas chro-  
matographic conditions exhibit the phenomenon of  en- 
thalpy-entropy compensation and a linear dependence  

o 
2 

1 10 

4 ? 
5 6  7 L;j , 

.,_-J 
�9 I I I I t I I , i , 
0 4 8 12 t/m n 0 5 t/rain 

1 2 

3 

L I , 

0 5 t/rain 

Fig. 4. Chromatc~rams of compounds on a glass capillary column with Ful-60 a: /. pentane; 2--10, n-alkanes CII--CI9. 
respectively; in pentane, temperature programming from 90 to 150 ~ with a n~te of 5 deg min-I; b: /, benzene; 2--4, medicines 
(substances) in benzene: Dinezin (10-(2-diethylaminoethyl)phenothiazine) (2), Dimedrol ([]-dimethylaminoethyl ester of benzhydrol) 
(3), amidopyrine (I-phenyl-2,3-dimethyl-4-dimethylaminopyrazolone-5) (4), temperature programming from 150 to 200 ~C with 
a rate of 8 deg rain-I; c: medicines in water: Dinezin (1). Dhnedrol (~.  and amidopyrine (3). temperature programming from 150 
to 200 ~ with a rate of 8 deg rain -T. 
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between AH and AS is fidfilled. For chromatography of 
n-alkanes on columns with Ful-60 and OV-I,  we ob- 
served linear dependences of the free energy of sorption 
on the number of carbon atoms, enthalpy and entropy 
on the number of carbon atoms, and a linear depen- 
dence is observed between Al l  and AS (Fig. 3), The 
linear correlation for fullerene is more strictly fulfilled 
(R = 0.99) than that for polydimethylsiloxane (R = 
0.94). 

Due to low capacity factors (see Table 1), capil la~ 
columns with Ful-60 can be convenient for analysis of 
high-boiling compounds. Aqueous and organic solvents 
of various classes of organic compounds were analyzed 
on capillary columns coated with Ful-60. 4,5 The chro- 
matograms of aqueous and benzene solutions of me- 
dicinal substances (Dinezin, Dimedrol, and Amido- 
pyrine) and n-alkanes are presented in Fig. 4. Only 
8 rain are needed for analysis of these substances un- 
der conditions of temperature programming from 150 
to 200 ~ with a rate of 8 deg rain -I ,  and n-alkanes 
are eluted as sufficiently symmetrical peaks. For glass 
capillary, columns with Ful-60, no considerable changes 
in retention parameters and selectivity were observed 
over 12 months. 

Thus, the study of thermodynamic parameters of 
sorption of n-alkanes shows that fullerene C60 is close in 
ability for dispersive interactions to nonpolar liquid phases 
and differs substantially from carbon sorbents. The ther- 
modynamic sorption parameters indicate that the reten- 
tion ofn-alkanes on Ful-60 is mainly determined by the 
entropy rather than the enthalpy factor. It can be as- 
sumed that C60 in its adsorption properties occupies an 
intermediate position between nonpolar liquid phases 
and solid carbon sorbents. 

The authors thank V. L. Karnatsevich for pure 
samples of fullerene C60. 
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