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Abstract . Based on the nolecular ther modynamic theory the quantitative relationships bet ween the separation factor

and the column temperature carbon number and mohile phase composition for fullerenes in high performance liquid

chromatography are estahlished -The corresponding nodels are testified by the experi mental data of Cand Ceo™Cos

from different sources ‘The calculated results show good agreement with the experi nental data -
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0 Introduction

For cuite a long ti me sgraphite and diamond were
the only known forns of crystalline carbon In dianond »
each carbon atomis bound to four neighbors in a tetra -
hedral sp 3arrangemert in graphite seach atom exhihits
sp 2hyhridization and thus has three neighbors - Hane
hexagonal networks consisting of individual layers are
formed -Graphite or dianond crystals of finite size have
danding -open carbon bonds at the outer boundaries i -
e the atoms at these sites have no partners -In most
practical applications these bonds do not present a
problem since they soon becone saturated by foreign
atoms « -g -by hydrogen - Under clean conditions show -
ever sthese danging bonds drive the duster to grow
larger In the case of graphitic carbon there is the pos -
sihility to saturate danging bonds and to terninate ex -
tensive growth fhe individual graphene layers may bend
such that the outer edges cortact si -e -form dosed
cages -A perfect closure of a sinde graphene layer by
maintaining the hexagonal (i -e -six ~membered ring)
net work is i npossible the layer structure has to trans -
form such that a linited number of lower nembered
rings are provided In 1985, Kroto and co —workers! !
discovered carbon nolecules with dosed cage struc -

tures >which ;in honor of the Anerican architeet R -
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Buckmnster Fuller » were named fullerenes - In
fullerenes sthe carbon atons show hybridization inter -
nediate bet ween sp Jand sp g

In fullerene fanily the least carbon number is 20
while the nost is 940.Since 1994 fullerenes were pre -
pared by vaporizing a pure graphite anode by the arc
discharge methodin buk quantities!  so that full erenes
can be readily ohtained -For fulerenes -all contain 12
pertagonal carbon rings - Furthermore » all fullerenes
must also have an even number of carbon atons -The
nost intriquing of the nany possible fullerene cages
consists of 20 hexagons and 12 pentagons -arranged as
in the payhedron known as the truncated icosahedron -
This unique structure results in unusual physical and
chenical properties with a large potertial for applica -
tions such as superconductors ssensors >catalyst -opiical
and elecronic devices s palyners ;and hidogca and
nedical ap}iications[ A present »as the products
o graphite vaporization with a laser or by resistive
heating of graphite -approxi mately 850 df the full erene
naterial produced is Céo and 10% is Cro- Hgher
fullerenes are only 3%N5%by weight of the mixture -
Since diffesent fullerene molecules have very simnilar
nolecular structures they own very si mlar physical and
chenical properties -Therefore sthe separation and pu -
rification of fullerene products is the nost challenging
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topics in this research field - Anmong these methods -high
perfor mance liquid chronatography ( HPLC) is the nmst

available - Based on former works sfrom the nolecular

ther modynamics wel ¥ derived the quarntitative relation -
ship bet ween the separation factor and the columm tem-
perature -and carbon as well as the nohile phase com-

position - Meanwhile sthis model was identified by the
experi nertal data -

1 Theoretical Analysis

In HPLC sthe separation factor ais the selective

index| "% .which is usually used to express the separa -

tion extent of a chromatographic system .defined as :
o=k Ik | (D
where k 'k ;represert the capacity factor of solute and
standard substance respectively -
ol 1
relationship bet ween the retention value and the colum

C . . . .
! have ever derived the intersection poirt

tenperature of honologues in HPLC using the basic
theory of mathematics .

Ink —nk 0=(g Ton)(T '—To) (2
where & 0, T represent the intersection point constants
o homologues ; n represent the carbon nunber of so -
lute nolecules ;5 g » b represent the honvlogous con -
stants -From Eq -( 1) .applying Eq -( 2) to fullerenes
and using Ceoas standard substance yields

In a=b(n =60 (T '—To) (3
For gven member o fullerenes s n is constant sthen
changing Eq -( 3) obtains

In o= b(n —60) /7] { b(n —60) /T] =

H/T+G (4
For given chromatographic system there exists the lin -
ear relationship bet ween the logarithm of separation fac -
tor of fullerene memnbers and the reciprocal of therno -
dynanic temperature the ratio of the intercept and the
slope for this line is constant -

Based on the molecular ther modynamics s wel 1
have ever theoretically derived and experi mentally testi -
fied the linear relationship bet ween the capacity factor
and carbon number of palycydic aromatic hydrocarbons
in supercritical chromatography .

Ink ' =A+Bn (9
From Eq - ( 1), Expanding this relationship to the
fullerenes in HPLC and using Csas standard substance
vields

Ink =Bn —60B (6
i -e for a gven chromatographic system there exists the
linear relationship between the logarithm of separation
factor and carbon number and the ration of the intercept
and the slope for this line equals —60.

Based on the intersection point relationship be -
tween the retention value and the normal boailing
poilt[ ¥ wel ' derived the irtersection point relation -
ship between the retention value and the nohile phase
composition Cpin reversed ~phase liquid chronstogra -
phy :

Ink —Ink 0=B« CB*C%) ("
where k0, C (;);represert the intersection point constant
o honvlogues swhich are independent of the properties
of compound and the conposition of nohile phase while
dependent of the dassification of honologues stationary
phases and nohile phases ;As the constant independent
of nohile phase composition » Bz2is dependent of the
properties of compound -

From Eq - ( 1) ;using Ceoas the standard sub -
stance -applying Eq -( 7) to fullerenes yields .

In o= B:—( B2 ¢,] Cx 1 B2—(B2)¢,] Cp
=B1Cp T4 (9
i e for a chromatographic system there exists the lin -
ear relationship bet ween the logarithm of separation fac -
tor and nohile phase conposition and the ration of the

intercept and the slope for this line is constant -

2 1dentification

In order to testify the relationship between the
separation factor and the cdumm tenperature and car -
bon as well as the mohile phase composition »we used
experi nental data from different sources and the results
are shown in Tab - 1~3.

In Tab - Lit is shown that experi nental values and
caledated values according to Eq -( 4) under different
stationary phases and different column te mperatures us -
ing n ~hexane as nohile phase -Compared with the ex -
peri nertal values at 33 data sets the average relative
deviation (ARD) is 0. 21% The average relative devi -
ation is calculated as follow .

ARD={ (¢ — @) /o] /NX100% (9
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Tab -1 Comnparison of the experi nental values with
the cacuated values by Eq «( 4)

In Tab - Zand 3.t is shown that identification of

the experi mental values with the calculated values by

Column Te mperat ure /°C q a RD/%
20 157 157 0 Eq -( 6) for fullerenes under different stationary phases
30 1.57 1.57 0 and different mohile phases - A 71 experi mental data
Tiiph! 40 1.57 1.57 0 sets compared with the experi mental values! 1~y the
Hf:g, 717 50 1.56 1.56 total average relative deviation is 2.92% Inthe mean -
GO 60 1.56 1.56 time the ratios of the interception and slope of the lin -
70 1.56 1.56 0 ear relationship Eq -( 6) regressed by experi mental val -
0 .72 L7 =116 ues are also shown in tables -For five groups of experi -
20 166 166 0 nental values sall the ratios approachto —60it further
30 1.64  1.65 0.61 o o
Cdipht 3 10 L 63 L6l 0.60 identifies the validity of Fq -( 6) -
H=82.83 50 162 162 0 In Tab - 4ihe identification of the calculated val -
G=0.228 9 60 1.62 161 —0.62 ues by Eq -( 8 with the experi mental values of C7oun -
70 1.60 1.60 0 der different stationary phases and different mohile
80 1.60  1.59 —0.62 phases is shown -For Sstationary phases and 7 hinary
20 1.92 1.92 mohile phases at 49data sets «compared with the exper -
Bp! 7 30 Loo 191 53 imenal valuest " the ARDis 2.34%.
H=38.63 40 1.90 1.90 0
G=0.5198 60 189 189 0 3 Condusions
i 155 158 0 Based on the thermodynanic theory - we derived
Develosil [ 28 i :i 1 zi the quantitative relationship bet ween the separation fac -
oDs —5 10 1.74 1.74 0 tor and the collum tenperature -and carbon as well as
H=376.1 60 1.62 1.62 0 the mohile phase composition - Meanwhile >this nmodel
G=—0.6472 80 1.59 1.59 0 was identified by the experi mental data of C7oand Céo
20 1.86 1.86 0 —Cosfrom different sources -The results show that this
pMPPL A 30 1.83 1.83 0 nmodel is widely valid and relatively reliable It may of -
H=162.4 40 1.80 1.80 0 fer sone theoretical bases for the opti mzation of the
G=0.067 16 60 L.74 1.74 separation and purification of fullerenes -
80 1.69 1.69
Develosi] [ 720 0 154  1.53 —0.65
oS —P—5 20 1.44 1.46 1.39
H=157.9 40 1.42 1.42 0
G=—0.156 8 60 1.38 1.37 —0.72
Tab -2 Identification of Eq -( 6) by experi nental val ues
Sationary phase Mohile phase Fullerene number Intercept B X107 Relationship coefficiert  Intercept /B
PYE tdluene 13 —3.3250 5.429 0.997 8 —61.2
SOz n —hexane 4 —0.842 8 1.409 0.999 2 —59.8
Hypersil ODS Acetonitrile — 16 —0.660 3 1.138 0.989 8 —58.0
dichloro met hane
Cosmosil PYE Acetoritrile — 18 —1.836 0 2.974 0.990 9 —61.1
dichl oromet hane
Zorbax Rx —C1s  Acetonitrile — 20 —0.827 7 1.408 0.989 5 —58.8

dichloro methane
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Tab -3 Comparison of the experi mental values of fulerenes' ! vith the cacuated values by Eq -( 6)
on Hypersil ODS cdunm using acetornitrile —dichonethane as nohile phase

fulerene Ceo Cno C7 Crs Cso Cs Csi Css

q 1.00 1.19 1.27 1.29 1.32 1.33 1.35 1.39

q 1.02 1.15 1.23 1.25 1.28 1.31 1.34 1.34

RD/ % 2.00 —3.36 —3.15 —2.33 —3.03 —1.50 —0.74 —3.60

fullerene Css Ces Ces Coo Coo Co Co Cos

q 1.38 1.41 1.43 1.43 1.51 1.46 1.48 1.49

q 1.37 1.41 1.41 1.44 1.44 1.47 1.50 1.54

RD/% —0.72 0 —1.40 0.69 —4.64 0.68 1.35 3.36

Tab -4 Comparison of the experi nental values vith the cacuated values by Eq «( §
Stationary phase Mohile phase Data set B A1 ARD/% Ref -
Buckysep —RP Acetoritrile ~toluene 6 1.886 —0.223 6 1.26 [ 17
Astec C18 Acetonitrile ~toluene 7 1.688 —0.2713 3.35 [17
Chronspher Isopropand ~isooctane 4 0.072 62 1.093 1.23 [17
Buckyd ucher n ~hexane “tduene 8 1.517 —0.186 6 5.80 [17
Rosdve C1s n —hexane —ether 4 —0.144 1 0.690 9 0.28 [1§
Rosdve C 18 n “hexane —isopropand 6 —0.4335 0.956 8 2.00 [ 1§
DNAP n —hexane —henzene 3 —1.226 1.195 0.00 [ 19
DNAP n ~hexane — dichloromethane 4 —2.947 1.209 1.69 [ 19
DNAP n —hexane ~— ether 3 —1.342 1.486 0.99 [ 1%
C60and C70fulerenes with a triphenyl bonded silica

Referenes phase in microcllumn liquid chromatography [ J] +J liq

[ ] KROTO H W.HEATH] R.O BRENS S C et al -C60, Chromatogr , 1994, 17,2359~ 2372.
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354~358. [9 WANGF AJIANG YL.ZHAO Y w al -Rue of intersec -
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sign of a novel dendrimer porphyrin for supramlecular phase chromatography with carbon number for fullerenes in
fulerene /dendri mer hybridization [ J] - Macronnlecules - HPLC[J] -Mcrochem , 1998, 5§ 1) ,67~72.
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