
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 24 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Journal of Liquid Chromatography & Related Technologies
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713597273

Liquid Chromatograph Ic H/D Separation Factors For Polycyclic Aromatic
Hydrocarbons
W. Alexander Van Hooka

a Chemistry Department, University of Tennessee, Knoxville, Tennessee

To cite this Article Van Hook, W. Alexander(1985) 'Liquid Chromatograph Ic H/D Separation Factors For Polycyclic
Aromatic Hydrocarbons', Journal of Liquid Chromatography & Related Technologies, 8: 14, 2699 — 2704
To link to this Article: DOI: 10.1080/01483918508076600
URL: http://dx.doi.org/10.1080/01483918508076600

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713597273
http://dx.doi.org/10.1080/01483918508076600
http://www.informaworld.com/terms-and-conditions-of-access.pdf


JOURNAL OF LIQUID CHROMATOGRAPHY, 8( 14). 2699-2704 (1985) 

LIQUID CHROMATOGRAPHIC H/D SEP- 
ARATION FACTORS FOR POLYCYCLIC 

AROMATIC HYDROCARBONS 

W. Alexander Van Hook 
Chemistry Department 
University of Tennessee 

Knoxville, Tennessee 37996 

Introduction. 

Kline. Wise and May(1) (KWM) recently reported liquid 

chromatographic separation factors for seven different polycyclic 

aromatic hydrocarbons (PAH’s) dissolved in crude oil VS. aminosilane 

or polymeric octyldecylsilane substrates. The deuterolabelled 

materials were deliberately in~ected into the oil for use as 

internal standards. KWM advocate this method as a useful cslibrating 

technique for complicated mixtures. The purpose of the present note 

is to show that the KIJM results are consistent with predictions of 

the theory of isotope effects in condensed phases(2’ 3)  and are 

therefore of more general interest. Interpretation of 

chromatographic data in the context of the theory furnishes 

information about the interaction of PAH’s with column substrate in 

the dilute Henry’s law standard state. The analysis should stimulate 

a wider use of the technique advocated by KWM by placing it into a 

proper thermodynamic framework, thereby permitting useful 

theoretical rationalizations. 
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VAN HOOK 

Chromatographic Isotope Effects 

The theory of isotope effects in condensed phases developed by 

Bigeleieen(2) and later reviewed by Janceo and Van Hook(3) 

was applied by Van Hook and cOworkers(4-10) in interpreting 

gas-liquid chromatographic separation factors of protio-deutero 

isomers of hydrocarbons, including recent analysis of the use of 

deutero-labelled compounds as internal standards in GLC-MS analyses 

of halogenated hydrocarbons.(lO) The present application to 

liquid/surface equi1ibrJ.a is an extension of this methodology. 

In theJenry’s law standard state appropriate for the treatment 

of chromatographic isotope effect data, the isotopic ratio of 

Henry’s law constants K’ or K equal inversly to the ratio of 

corrected chromatographic retention volumes, V’ or V. and is given 

in turn by the natural logarithmic reduced partition function ratio 

in the stationary (s) and mobile (rn) phases, ln(fs/fm), with 

but minor correction 

The last term in equation 1, COR, corrects for isotopic differences 

in the condensed phase PV terms in the mobile and stationary phases 

and is expected to be negligible. 

Normally an harmonic call model can be employed for the 

evaluation of the reduced partition function ratio.(2* 3) The 

rather complicated result of that theory can be usefully 

approximated as shown in equation 2. 

In this equation the A term refers to those isotope dependent 

frequencies small enough to be treated in the high trmperature 
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POLYCYCLIC AROMATIC HYDROCARBONS 2701 

approximation. For PAH‘s near room temperature these will include 

the six external or lattice modes, but because of the large masses 

and moments of inertia of the compunds of interest, as well as their 

relatively small isotope dependence, these will be found at very low 

frequencies and will only make a very small contribution to the 

isotope effects. 

The B term in equation 2 refers to those frequencies of high 

enough energy to be treated in the low temperature or zero point 

energy approximation 

because to a good approximation ( U / U ’ ) ~  = f a / u ’ ) g .  Iri 

equation 3 the u’s are reduced frequencien. ui = hv,/kT. I( 

is Boltzman’s constant. The prime refers to the isotopic izomer *>f 

lighter mass. The most important contributors to the chromatographic 

isotope effect are those high lying frequencies which show the 

largest shift on isotopic substiutution. These are the 

carbon-hydrogen stetching modes where to a good approximation 

(ui/ui’)st ((1/12 + 1/2>/(1/12 + 1/11> = 0.734. 

KWH report separation factors for seven PAH’r from crude oil to 

aminosilane, or crude oil to octyldecylsilane columns. Easec 

logarithmic K ratios (equation 1) extracted from their 

data(1.11) are summarized in table 1. The data show an inverse 

isotope effect for transfer of PAH’s from oil to octyldecylsilane of 

ln(K’/K) = -0.003:O.OOl and a positve one. ln(K’/K) = 0.00-3~0.001 

for transfer from oil to the aminosilane column. The effects are 

normalized and reported per atom D/H substituted. At room 

temperature the positive effect corrosponds to a blue shift in the 

average CH stretch, vc~(oi1) - vc~(amino column) = - 3  
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2702 VAN HOOK 

Table 1. 

Natural logarithims of thermodynamic activity ratios, H/D. ,as 
deduced from liquid chromatographic retention of polycyclic aromatic 
hydrocarbona (see reference 1). normalized to per H or D basis. 

Compound Number of 
C H/D 

Phenonthrene 14 10 

Flouranthcne 16 10 

Pyrene 16 10 

BenzcaJanthracene 18 12 

Chryaene 18 12 

Perylene 20 12 

aenzo(a>pyrrne 20 i2 

Average 

l n ( V / V ' )  = In ! K ' / K )  

Column Column 
NH2 c19 

0.001 -0.004 

0.002 -0.003 

0.003 -0.004 

0.002 -<I . '303 
0.002 -87. ,j,-Jz 

0.003 - 3 ) .  ,302 

0.004 -,j. <>\2? 

0.002 -3.003 
20.001 SO. 001 

cm-1, while the isotope affect on the equilibrium between crudd 

oil and octyldecylsilane column corrosponds to a red shift of S 

cm-1. Thus the transfer of a protio PAH from the .amino to the 

octadocyl surface is eqivalent to a red shift of 8 cm-1 i n  the 

average CH stretching frequencv. These are upper limits. there must 

also be some changes in the CH/CD bending vibrations which 3 1 5 0  

contribute to the isotope effects. The present calculation which 

lumps all of the effects into the stretching modes is an 3pproximate 

one,  but even so has come to an eminently reasonable conclusion. 

Carbon-hydrogen stretching frequencies for a wide variety of 

compounds are known to olue shift significantly on transfer from van 

der Waals solvents to ones of hiyner dielectric constant(l2' 

is), and the magnitude of the shifts calculatad from the KWM 

chromatographic data falls nicely in the range of the spectroscopic 

observations. 
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Conclusions 

Isotope effects in liquid chromatography as reported by KWM have 

been rationalized straightforwardly by the well established theory 

of isotope effects in condensed phases. Tho isoto?c effects are a 

consequence of shifts in the CH/CD zero point energies on transfer 

from the mobile phase solvent to the column substrate. 30th normal 

and inverse effects were observed corrosponding to blue and led 

shifts respectively and these are in qualitative agreement with 

spectroscopic observation. It seems reasonable that rationallzatlun 

of the separation factors af the PAH's themselves, from phenanthrene 

through flouranthrene to benzo(a)pyrene via consideration of 

molecular energetics analogous to that outlined above might be 

sucessful. At the moment the physical origin of the sucessful 

separation of these compounds is not well understood.'ll) More 

importantly, the present analysis supports the suggestion of K W X  

that stable isotope tracing be more widely employed in 

chromatography. Modern LC technique allows resolution of molecu-es 

differing by only a feu tenths of a percent in thermodynamic 

activity and the physical reason for isotopic effects rn 

chromatography is well understood in terns of molecular pro2srties. 

Aclcnowledement 

This work was supported Ly the National Science Foundation 

under grant ?! CHE84-13566. 

References 

1. Kline. W. F., Wise, S. A., and May, W. E. The Application of 
Perdeuterated Polycyclic Aromatic Hydrocarbons (PAH) as Internal 
Standards for the Liquid Chromatographic Determination Of PAH in a 
Petroleum Crude Oil and Other Complex Mixtures, J. Liquid 
Chromatography 8, 223, 1985. 

2. Bigeleisen. 3. Statistical Mechanics of Isotope Effects on tnc 
Thermodynamic Properties of Condensed Systems, J. Chem. Phys. I -4 .  
1485 (1961). 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
6
:
2
3
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



2704 VAN HOOK 

3. Jancao, G. and Van Hook, W. A. Condensed Phase Isotope Effects 
(Especially Vapor Pressure Isotope Effects), Chem. Rev. 74. G39 
(1974). 

4. Van Hook. W. A. Isotope Effects on Vaporization from the 
Adsorbed State. The Methane System, J. Phys. Chem. 71, 3270 (1967). 

5 .  Van Hook. W .  A. Isotope Separation by Gas Chromatography, Aclv. 
in Chem. 89, '39 (1969). 

6. Phillips, J. T., and Van Hook, W. A. Gas Chromatography of 
Perdeuteriomethane. Isotope Effect on Adsorption on Porous Glass, 
J. Phys. Chem. 71, 3276, (1967). 

7. Van Hook, W .  A., and Kelley, M. E. G a s  Liquid Chromatography at 
Low Temperatures. Resolution of dome Deuterated Ethanes, Anal. 
Chem. 37, 508, (1965). 

8. Van Hook, W. A., and Phillips, J. T. Gas Liquid Partition 
Chromatography of Perdeuterioethane. Isotope Effects on Vaporization 
from Solution. J. P h y s .  Chem. 70. 1515 (1966). 

9. Van Hook, W .  A., and Phillips, J. T. Gas Chromatography of 
Isotopic Molecules. Analytical and Preperative Scale Sepaaations of 
C2H2, CzHD, and C2D2. J. Chromatography 30. 211 
(1967). 

10. Van Hook. W .  A .  Separation Factors for the System 
1,2-C2HqBr~ / CzDqBr2, J. Chromatography 328, 333 (1385). 

11. Wise. 5 .  A . .  Ronnett. W .  J., Guenthar..F. R., and May, ' J .  E. 3 
Relationship between Reversed Phase C18 Liquid ChrOmatOgrsphlc 
Retention .and the Shape of Polycyclic Aromatic Hydrocarbons. I. 
Chronatogr. Sci. 19, 457 (1381). 

12. Girin. 0. P .  and Bakhshiev. X .  G .  Effect of Intermolsc<iAar 
Interactions on =he Vibrational Spectra of Molecules. l3pt ics :lnd 
Spectroscopy tEng. Trans.), 24, 4 A 8  !:968! 

13. Cameron, 3 .  G., Hsi, S. C., lJmen8urs, J. and Xantsch, ii. 2 .  
Solvent Induced 'rcquency Shifts of thi. C-H Stretching Bands '-.ii 

n-Octane. A Fourier Transfer Study, Can. J. Chem. 59, 1357. 
(1981 ) 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
6
:
2
3
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1


