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Abstract: A new methed of quantitative structure-retention relationship (QSRR) studies was reported for predicting gas chromatography (GC)
relative retention times{ RRTs) of chlorinated phenols (CPs) using a DB-5 column. Chemical descriptors were calculated from the molecular
structure of CPs and related to their gas chromatographic RRTs by using multiple linear regression analysis. The proposed model had a multiple
square correlation coefficient R® = 0.970, standard error $E = 0.0472, and significant. level P =0.0000. The QSRR model also reveals that
the gas chromatographic relative retention times of CPs are associated with physicochemical property interactions with the stationary phase, and
influenced by the number of chlorine and oxygen in the CP melecules.
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Introduction

Chlorinated phenols( CPs) from mono-to penta-chlorine-substituted are widely used as either synthesis
intermediates in dyestuffs, or insecticides, fungicides, antiseptic and disinfectants. In our recent study on
investigating the contamination status of CPs in Yangize River sediment, it is found that CPs concentration
in the river sediment commonly ranged from 0.30 — 1.90 ng/g of monochlorophenols to 0.49 — 4 .57 ng/g
of pentachlorophenol( Xu, 2000) . It is well known that CPs released from various sources usually present
potential hazards to human and the environment. Therefore, it is of importance in predicting the
transformation process and toxicity of CPs in the environment. CPs have been analyzed by high performance
liquid chromatography( HPLC; Butte, 1981), however, isomer-specific analysis requires purified standards
of individual jsomers. Although gas chromatography-mass spectrometry { GC-MS) is the best analytical
technique to identify these compounds at congener level, resolving complex mixtures might require
additional tools involving the knowledge of molecular interactions of CPs with a stationary phase. This may
be achieved using quantilative structure-retention relationship (QSRR) which provides statistical equations
that relate molecular structure with the retention phenomena ( Payares, 1997; Kang, 1998; Thomas,
1992) . The objective of this paper is to provide a statistical model to predict the chromatographic retention
of individual CPs in a DB-5 column(5% phenyl, methypolysiloxane) .

1 Experimental
1.1 Data set

A Fisons8000 mass spectrometer system equipped with a GC8000, an autosampler AS8000(operating
in the splitless mode) and a gquadrupoles-MSMD were used to perform the GC-MS analysis. Relative
retention times were determined for 16 CPs in a DB-5 column (30mx 0.33 mm I.D., 0.25 pm film
thickness, J&W Scientific Folsom, CA, USA). Chromatographic conditions were: the oven temperature
from setpoint at 60°C and held for 2 min, followed by ramping to 260°C at a temperature gradient of 10°C/
min, again held for 5 minutes. The injector and the detector temperature was set at 220°C and 260°C,

respectively. Helium was used as a carrier gas and injection was made splitless. Electron impact mass
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specira were obtained at 70 eV ionizing energy. RRTs were the gas chromatographic retention time of

chlorinated phenols relative to 2-chlorophenol{ Table 1} .
1.2 Descriptor generation Table I Observed and calculated RRTs for CPs in a DB-5

To determine the quantum column and descriptors included in the QSRR model

chemical descriptors, the molecular Moleeule RRTs NCIO logK ..
modeling package ALCHEMY II Observed  Calevlated

(Tripos Associates, Inc, 1988) 2-chlorophenol 1.000 0.996 2 2.15
was used to construct and view the 3-chlorophenol 1.045 1.044 2 2.50
molecular  structures.  Molecular  +ciorpheno! 1.057 1.029 2 2.3

. , , 2, 3-dichlorophenol 1.174 1.236 3 2.84
descriptors used in this study were 2, 4-dichlorophencl 1.250 1.266 3 3.06
derived using the semi-empirical 5 gichlorophenol 1.271 1.266 3 3.06
orbital MOPAC 6.0 program  3,4-dichlorophencl 1.344 1.303 3 3.33
( Stewart, Co80840 )., Molecules 3.5-dichlorophenol 1.301 1.342 3 3.62
were entered and fully optimized 2,3, 4-trichlorophenol 1.567 1.513 4 3.80

. . . 2,4, 6-trichlorophenol 1.407 1.498 4 3.69
using the semiempirical quantum .

. 2,3, 6-trichlorophenol 1.478 1.509 4 3.77
chemical method  AM1 { Dewar, 2.3, 5-trichlorophenol 1.491 1.518 4 3.84
]985) . Calculated descriptors Df 16 3,4,5-lrich]orophenol 1.5%0 1.541 4 4.0t
chlorinated phenols include heat of  2,3,5,6-tetrachlorophenol 1.687 1.670 5 3.88
formation ( HF ) , energy of the 2.3,4,5-tetrachlorophenol 1.779 1.715 5 4.21

Peniachlorophenol 1.948 1.984 6 5.12

highest occupied molecular orbital
(HOMO ), energy of the lowest
occupied molecular orbital( LUMO}, energy of the core-core repulsion { CCR), dipolar moment ( DIP),

electronic energy ( EE), energy of the ion potential (IP), most negative charge { MNC), most positive
charge { MPC), number of chlorine and oxygen(NCIQ) . Octanol-water partition coefficient (logK,, ) was
obtained by the computer program CLOGP(Ghose, 1988) which was widely demonstrated to be the most
convenient, advanced and accurate computer program for the calculation of n-octanol-water partition
coefficients .
1.3 Statistical analysis

In order to reduce the number of descriptors prior to submitting them to regression routines, the
concept of nonredundant descriptors { NRD) was applied ( Katritzky, 1993). When two descriptors are
correlated by a linear correlation coefficient value high than 0.9, hoth are correlated with the dependent
variable . The best correlation is used for further analysis, the another which shows lower correlation is left
out. The QSRR equation was obtained by forward stepwise multiple regression techniques following the
multilinear form: RRT= 6, D, + b, D, + - + b,D,, where D, D, and D, are the descriptors and &,,
b, and b, are the respective regression coefficients (Neter, 1985). All the stepwise regression analyses
were performed using the STATISTICAL for windows release 5.0 program (Statsoft Inc., USA, 1984 -
1995) . The best model was selected on the basis of the multiple correlation coefficient ( R* }, standard
error of estimation( SE), and significant level( P) .
1.4 Model validation

Validation is a means io determine the stability and robustness of a model. Two methods for validation
are available, intemal and external validation. In this study, for data were initially small, internal
validation was chosen to test the quality of a model. Here an observation was held out of data set, and the
model was recalculated. The resuliing model was then used to predict the observation withheld. This

process continued for each observation in the entire data set. Then predictions were compared with the
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actual obzervations{ Thomas, 1992) .
2 Results and discussion

Regression equation obtained with  selected 25
molecular descriptors, which include NCIO and logX,, E 201 R0 974 nels
are presented in Table 1. It reveals that chromatographic T s
retention of CPs for the DB-5 column is linked to the %
extent of chlorination and oxygen in the aromatic rings O 197
{NCIO) as expected for a homologous series. The 05 . : :

. . . . — 0.5 1.0 1.5 2.0 25
stepwise regression analysis of variance shows a statistical

Observed RRT

significance at P = 0. 0000 for the calculated model,
where the R® and SE values for the regression equation
are 0.970 and 0.0472, respectively. The high R’ value
also implies that the developed model is suitable to predict the RRTs of CPs.

Fig.1 Plot of calculated RRT vs. observed RRT

values for the two-deseriptor equation

Fig.1 illustrates a plot of observed vs. calculated RRTs values for all the 16 congeners. The result
shows that the developed model is suitable to predict the RRTs of CPs. The best equation developed by the
procedure described abave is presented in Table 2.

Table 2 The best two descriptors QSRR model® for gas QSRR models developed using

chromatography retention of CPs in a DB-5 column - quantum- derived, physi cochemical

) Regression coefficient o and geometrical descriptors are found
Descriptor t-value Significant level
+ standard errar elsewhere ( Payares, 1997; Gerga-
NCIO 0.146 £ 0.033 4.3512 £.0001 kopoulos, 1991; Stanton, 1989 ).
Log Ko, 0.136 +0.051 2.6830 0.0008 As expected, the descriptor NCIO is
Intercept 0.412 +0.073 5.6328 0.0188

the most significant in the model.
R* =0.970, F=241.80, S5E =0.047, P =0.0000

NCIO is a topological descriptor
*RBRT=5,D, + by Py + - + 5,0, ; RAT: retention times relative io 2-chlorophenol ; R . .
which encodes information about

P By Do vegresion coefilents: D+ Dy Dy« maleeular descriplor molecular size, electron number and
polarizability( Katritzky, 1993) . Not surprisingly it accounts for most of the variation in the RRTs of CPs
on a DB-5 colunm{ R* = 0.956, P =0.0000), similar to that observed for other homologous series of
compounds such as polychlorinated dibenzofurans (Robbat, 1990) . NCIO was highly correlated with EE
(R*=0.997, P=0.0000) and CCR(R® =0.995, P =0.0000) without considering the logK,, . It is
quite reasonable to suggest that chlorine and oxygen may play an important role in the ability of these
compounds to interact electronically with the stationary phase. This quantity of the energy of core-core
repulsion describes a summary of the repulsion of electrons of atoms constituting a molecule and is probably
correlated with the inclination of the thermally cracked products to undergo chemi-ionization { Katritzky,
1994) .

A model containing log K, without considering the degree of chlorination and hydroxylation can predict
RRTs of CPs with R* = 0,931, P =0.0000. LogkK,, is correlated with LUMO( R® = 0.867, P =
(0.0000) . This suggests that the retention of CPs in the DB-5 column involves physicochemical property
interactions with the stationary phase. LogK,, is a physicochemical property descriptor. The value of
logK,, embodies the feature of molecular structure, the interaction between the internal and the external of
molecular. Partial correlation controlling for NCIO reveals that without considering the degree of
chlorination and hydroxylation, chromatographic relative retention time is highly correlated with LUMO( R®
=0.919, P=0.0001) and HF( R* = 0,873, P =0.0000). LUMO is the energy of lowest unoccupied

molecular orbital . From the molecular orbital theory of chemical reactivity, transition states are formed
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during interaction between LUMO ( electron acceptor) and HOMO (electron donor) of reacting species
(Fukui, 1975) . The interaction between donor and acceptor can lead to the formation of charge transfer
complexes ( Franke , 1984) between CPs and the stationary phase. The high correlation suggests that HOMO
and LUMO play important parts in chemical reactivity and the formation of charge transfer complexes
(Osmidlowski, 1985; Zhou, 1990) between CPs and the stationary phase. HF is a quantum chemical
index obtained by subtracting atomic heals of formation from the binding energy. The high correlation
between RRTs and HF suggests that the retention of CPs in the DB — 5 column is related to the formation of
a hydrogen bond between the CPs and the stationary phase (Katritzky, 1994) .

The results suggest that the retention of CPs in the DB-5
column not only involves molecular size, but also physicochemical
property interactions with the stationary phase. It is possible to
employ the developed model for both further structural
identification and more accurate quantitative measurement of these
substances .

The robustness of the regression equation obtained in this
study was evaluated by calculating the cross-validated correlation
coefficient R: .. ( Walpole, 1990 ). Internal jack-knifing
technique was used to test the quality of a model. This

methodology was conducted leaving out one ecompound from the

Fig.2 Radar graph of B?{adj.) from 16

times leave one out

data set and regenerating the model coefficients. The correlation
of these data with those obtained from the principal model yields
the R ... In this study, the internal jack-knifing validation for the DB-3 model gave a R,,.... value of
0.981, meaning that the model was able to predict relative retention times of CPs. The radar graph of R’
(adjusted) from 16 times leave-one-out is given in Fig.2 . There are 16 dots hetween 0.960 and 0.980,
which account for 94 percent of the whole data set. Results showed that the established model had a good
quality .
3 Conclusions

Results of this study demonstrated that the QSRR can generate a very good model for the relative
retention times of CPs in a DB — 5 column. The model could be applicable for predict the RRT of CPs.
Octanol-water partition coefficients (logK_, ) and the number of chlorine and oxygen { NCIO) were found to

be important descriptors. The descriptors give information related to the different molecular properties,
which can participate in the physicochemical process in gas chromatographic retention of chlorinated

phenols .
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