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Abstract: Quantitative structure—retention relationships for a series of 30 mixed
f-diketonato complexes of cobalt(IIl) , chromium(III) and ruthenium (IIT) were
derived by multiple linear regression analy ses using molecular descriptors o b-
tained by quantum chemical c alculations. The retention par ameters were o b-
tained by thin 1 ayer chro matography on sili ca gel using mono and two-co m-
ponent sol vent sy stems. The m olecular de scriptors include d in the multiple
linear regressio n analy sis w ere molecular weight, molecular volu me, surfa ce
area, hydrophilic—lipophilic balance, percent hydrophilic surface area, dip ole
moment, polarizability, refractivity, energy of the high est occupied molecular
orbital and energy of the lowe st unoccupied molecular orbital. High agreement
between the experimental and predicted ret ention para meters wa s obtained
when p olarizability and the h ydrophilic-lipophilic balance were used as the
molecular de scriptors. Co mparison of the models with tho se est ablished on
polyacrylonitrile showed that the structure of the sorbent i s responsible for the
chromatographic behaviour of the same compounds. The presented models can
be used for the prediction of the retention of new solutes in screening chroma-
tographic systems.

Keywords: qu antitative struct ure-retention relationship; f-diketonato co m-
plexes; molecular descriptors; thin layer chromatography.

INTRODUCTION

Quantitative structure—retention relationships (QSRRs) are statistical models
which quantify the relationship between the structure of a m olecule and its chro -
matographic retention parameters in different kinds of chromatography.l~# Ap-
plication of QSRRs allows the predicti on of the retention of a new solute, identi-
fication of the most informative struct ural descriptors, elucidation of the m ole-
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cular mechanisms of separation in a given chromatographic system, evaluation of
complex physicochemical properties of solutes and estimation of biological acti-
vities.5 In recent QSRR studies, quantum chemical descriptors alone or in combi-
nation with conventional descrip tors have been extensively applied. In this way,
many of the electronic an d geometric properties of molecules can be expressed.®
The relationship between retention and the structural characteristi cs of a m ole-
cule explains the effect o f che mical st ructure on the retention behaviourin  a
more accurate way.’ 2

Metal-ligand com plexes r epresent an im portant group of anal ytes. TLC is
utilized as an analytical tool for metal ion analysis, metal speciation studies and
characterization of metal com plexes of pharmaceutical or industrial i mportance.
Coordination com plexes between metals and f-diketones are interesting in this
field because of the possibility of making wide varieties of substitutions in the S-di-
ketonato chelate ring. 10 These co mplexes provide models for different che mical
processes and investigations ranging from sy nthetic, kinetic and structural topics
to catalysis and many others, such as electron transfer processes re levant for bio-
logical activity.!1-13

The objective of this study was to de velop models for accurate quantitative
relationships between molecular structure and retentio n parameters of mixed f-di-
ketonato complexes on silica gel stationary phases based on their molecular pro-
perties and to identify molecular descriptors most sensitive to the retention para-
meter Ry. In addition, the obtained models were compared with th ose established
on poly acrylonitrile as the sorbent. The elucidation of these rel ationships may
promote a more profound understanding of chromatographic separation processes
and be used to predict the retention behaviour of structurally similar compounds.

EXPERIMENTAL

The retention parameters, Ry, were extracted from a previous work!4 in which 30 mixed
p-diketonato com plexes of Co(III) , Cr(IIT) and Ru(IIl) were chrom atographed on s ilica gel
with four mono- and five two-co mponent mobile phases. Th ey were converted to Ry, values
using the Bate-Smith and Westall Equation: Ry, =log ((1/Rg)-1).

The geo metry optimization of the molecules and calculatio n of m olecular descriptor s
were realised with HyperChem 7.0 software.!3 Additional c alculation of th ¢ descriptors was
developed by the Mol ecular Modelling Progra m Plu s software. The following de scriptors
were calculated: molecular weight (MW), molecular volume (MV), surface area ( SA), hydro-
philic—lipophilic balance (HLB), percent hydrophilic surface area (PHSA), dipole moment (),
polarizability (@), refractivity (R), energy of the high est occupied molecular orbital (Eyomo)
and energy of the lowe st uno ccupied molecular orbital ( Ej ypo).- The QSRR eq uation w as
obtained by ste pwise multiple linear regressi ons (ML R).!5:16 The significance level of th e
performed calculations was above 95 %.

RESULTS AND DISCUSSION

The structures of the 30 investigated compounds are shown in Table I. The
calculated retention parameters, Ry, of these compounds are listed in Table II.
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PREDICTION OF RETENTION OF f-DIKETONATO COMPLEXES 5 1 5

The compositions of the mobile phases are given in Table III. From Table II, it
can be seen that substitution of a donor oxygen atom in the phacphac ligand with
a less electro negative sulphur atom , to form the corr esponding thio ligand, re-

sulted in increased mobility of all the complexes.1# Also, substitution of the acac
ligands leads to decreased Ry values, i.€., the mobility was higher.

TABLE I. The structures of the investigated complexes

111

Compound Co mplex R, R, R;
DAY 2| M(acac);]*> CH 3 CH;CH 31
2)(12) (22) [ M(acac),(phacphac)]° CH; CH; CeHs I
) (13)(23) [ M(acac),(phacphSac)]* CH;  CHj CeHs 1T
% (14) (29 [ M(acac),(phSacphSac)]° CH;  CHj; CeHs 111
(5) (15) (25) [ M(acac)(phacphac),] CH ; CgHs CeHs 1
(6) (16) (26) [ M(acac)(phacphSac),] CH ; C¢Hs CeH; 11
M@ @2n[ M(acac)(phSacphSac),] CH; C¢Hs CeHs 111
(8)(18) (28) M(phacphac);] C ¢Hs  CeHs CeHs 1
(9) (19) (29) [ M(phacphSac)ﬂ C GHS C6H5 C6H5 I
(10) (20) (30) [ M(phSacphSaC)3] C GHS C()H5 CGHS 111

M = Co(III) (1-10) or Cr(1IT) (11-20) or Ru(III) (21-30); bacac = 2,4-pentanedionato ion; cphacphac =1,3-di-
phenyl-1,3-propanedionato ion; “phacphSac = 3-mercapto-1,3-diphenyl-prop-2-en-1-one ion; ephSacphSac =3-
-mercapto-1,3-diphenyl-prop-2-en-1-thione ion

The em ployed approaches were to fi nd quantitati ve relationships between
the intrinsic molecular structure and the physico-chemical properties of the com-
pounds and to establish models that define the effects of molecular structure on
the separation mechanisms. The structur es of molecules were expr essed numeri-
cally by quantitative molecular descri ptors, which were in agreement with the
structure of the compounds, as seen from Table IV.

For all investigated com plexes, a co rrelation check for the descriptors was
performed by a correlation matrix for the variables. 17-18 To find if the structura 1
descriptors o fthe complexes significantly influen ce th eir retention par ameters,
MLR analysis was used. The best model was selected based on the multiple squa-
red correlation coefficients (r2), the mean square error (MSE) and the value of the

Available online at www.shd.org.rs/JSCS/

2010 Copyright (CC) SCS




516 Baos

1C, RADOJEVIC and TESIC

Fischer significance, F-value (a statistical parameter for assessing the overall sig-
nificance). For all m obile phases used, the best fitted correlation equations were
obtained with selected molecular descriptors, which included polarizability and
the hy drophilic—lipophilic balance. The following equations for one mono- and
one two-component mobile phase are given as examples.

Compounds 1-10:

Ru = (0.99320.533) — (0.024+0.002)ac + (0.134+0.125)HLB (1)
r2=0.951, F = 67.989, MSE = 0.013, n= 10
Ry = (1.37220.313) — (0.030+0.001)ox + (0.141:0.073)HLB ©)

r2=0.989, F=311.278, MSE = 0.005, n= 10

TABLE II. Ry values of th e investigated compounds (the compositions of the mobile phases
are given in Table III)

Mobile phase
Compd. 1 2 3 4 5 6 7 8 9
1 1279  0.788 0 1.690 1.005  0.410 1.061 1.061  1.005
2 0.954  0.659-0.140 0.753 0.525 0.269 0.954 0.954 0.659
3 0.525  0.477-0.176 0.689 0.389 0 0.659 0630 0.575
4 0347  0.231-0.2310.524 0.327 —0.194 0.454 0389 0432
5 0.659  0.052-0.288 0.431 0.269 —0.140 0.602 0.659  0.140
6 0250-0.122  —0327 0.07  0.176-0.308 0.308 0368 —0.070
7 ~0.194-0.176  —0.347-0.017  0.122-0.550 0.231 0213 —0.194
8 0.052-0368  —0327 0347  0.105-0.689 0.231 0308 —0.368
9 ~0308-0410 —0368-0.158-0. 2130.753  —0.052 0  —0.575
10 ~0.432-0.501  —0.389-0.194-0. 269 -0.908 —0.105 ~0.052 —0.689
11 1380 1.005-0.017 1.996 0.826 0.250 1.195 0.826 0.788
12 0.575  0.720-0.087 1.061 0.454 0.070 0.602 0.454 0.659
13 0231 0.550-0.140 0.602 0.158 —0.017 0.454 0347  0.501
14 0 0.389-0.1760.140 0.105 —0.176 0.347 0213 0432
15 ~0.140 0 ~0.176 0308 0213 —0.2500.213 0.176  0.140
16 20250-0231 -0213-0.070-0. 158-0327  0.176  0.070 —0.194
17 ~0.432-0368  —0.250-0.194-0. 327 —0.4100.105-0.017 ~0.389
18 03080454  —0.250-0.035  0.052-0.720 0.070 0017 —0.368
19 ~0.454-0.501  —0.269-0.194—0.  432-0.788 —0.105 ~0.017 -0.501
20 ~0.602-0.602  —0.308-0.432-0. 753 -0.865-0.231 ~0.140 —0.689
21 1.996 1.279 0.070 1.690 1.005 0.368 1.279 0.908 0.954
22 1279 0.659-0.158 1.005 0.410 0.035 0.954 0.788 0.525
23 0.550  0.431-0.176 0.389 0.347 —0.158 0.659 0.659  0.410
24 0368  0.231-0.1940.070 0.105 —0.432 0.454 0477 0250
25 0.550-0.070  —0.194 0213  0.231-0.327 0.659 0.525  0.052
26 0269-0.194  —0213 —0.1400. 105-0.4100.213 0432  —0.052
27 ~0.176 -0.454  —0250-0.327-0. 347-0.865  0.070 0250 —0.368
28 ~0.194-0410  —0231-0.194  0.052-0.659 0.087 0.035 —0.368
29 ~0.432-0.550  —0.250-0.525-0. 288 —0.865 —0.140 ~0.035 -0.550
30 —0.788-0575 —0.288  —0.826 1.195 —1.061-0.308 —0.231-0.659
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TABLE III. Mobile phases used

No. Co mposition Proportions (v/v)
1 Toluene -

2 Dichloro methane -

3 Chlorofor m -

4 Xy lene -

5 1,2,3,4-tetrahy dronaphthalene -

6 n-Butyl acetate—carbon tetrachloride 40:60

7 Chlorofor m—carbon tetrachloride 50:50

8 Chlorofor m-—carbon tetrachloride 30:70

9 Dichloro methane—carbon tetrachloride 80:20

Compounds 11-20:

Ry = (1.097£0.699) — (0.029+0.003)ax + (0.175+0.148)HLB 3)
r2=0.953, F = 70.687, MSE = 0.020, n = 10
Ry = (0.836+0.717) — (0.027+0.003)ac + (0.196+0.151)HLB ()

r2=0.942, F=57.160, MSE=0.021, n= 10
Compounds 21-30:
Rwv = (0.620+1.037) — (0.030+0.004)a + (0.322+0.246)HLB (5)
r2=0.924, F =42.467, MSE=0.036,n= 10
Rwv = (0.435+0.474) — (0.027+0.002)a + (0.300+0.112)HLB (6)
r2=0.978, F=158.351, MSE=0.007, n= 10

Equations (1), (3) and (5) present the QSRR models for dichloromethane and
Egs. (2), (4) and (6) for dichloromethane—carbon tetrachloride as mobile phases.

By interpreting the descriptors in the regression models, it is possible to gain
some insight into factors affecting the affinit y of the investigated compounds for
the stationary phase. It is known that, under the conditions of adsorption chroma-
tography on silica gel, hydrogen bonds formed with the silanol groups of the sor-
bent, dipole—dipole and other electrostatic interactions determine the retention of
the analysed compounds.!?

Polarizability as a quantum-chemical descriptor of a molecule depends on
the symmetry of the various covalent bonds in the molecule.20 Highly polarisable
compounds are expected to have strong a ttractions with the sorbent, resulting i n
shorter migration distance as se en from T ables II and IV. The repulsive ster ic
interactions between the s urface of sili ca gel and the pheny 1rings of the co m-
plexes are re flected by the HLB descriptor on the QSRR models. A molecule
with a high HLB has a high ratio of hydrophilic groups to lipophilic groups and
vice versa. The HLB values are determined by calculating the values for different
regions of a molecule.2! The proposed nonlinear QSRR models exhibit a high de-
gree of correlation between the experimental and predicted retention factors. The
obtained statistical results are presented in Table V.
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TABLE IV. The calculated molecular descriptors

c f g 1 ]
Compd. MW '\g\{b SAAZ HLB® PHA® % 23 z; Ef:)\yo E?go
1 356.26 173.62 23.94 4.066 24.02 03842860 8199 —6.870 5.110
2 480.40239.36  30.43 3.931 2344 0.7244425 122.13 —6.738 4.885
3 480.40239.81  30.49 3.961 23.57 5.11946.62 128.57 —6.587 4.401
4 513.54252.28 31.98 3.613 2206 2.52246.62 13501 —6.506 3.826
5 604.54304.87 36.83 3.824 2297 03175990 16226 —6.727 4.925
6 636.68317.50 3836 4.170 24.48 5.62164.63 175.14 —6251 3.616
7 670.83332.61 4046 3.470 21.44 4.16864.63 188.03 —5.791 1.474
8 728.69370.07 4326 3.742 2262 1.19575.55 20239 —6.705 4.797
9 776.89389.80 4563 4216 24.68 5.62882.64 221.72 -5.650 1.223
10 828.11 411.524834 3204 2028 9.49282.64 241.05 —6.170 1.990
1 34932175.94 2445 4409 2552 03562860 8199 2213 5.854
12 4734724139 30.86 4.175 24.50 1.5964425 12213 -2222 4.866
13 489.54247.40 31.61 4.389 2543 5.48046.62 12857 —2.347 4.540
14 506.61254.53 32.49 3.875 23.19 3.93246.62 13501 2267 3.554
15 597.61306.72 37.27 4.015 2381 0.94959.90 16226 -2.234 4.937
16 629.74318.70  38.73 4.364 2532 5.85864.63 175.14 —2.387 4.470
17 663.89333.13  40.56 3.563 21.84 5.70664.63 188.03 —2.184 3.441
18 721.75372.10  43.67 3.903 2332 1.03075.55 20239 -2.152 4.976
19 769.95389.93 4581 4330 25.17 6.93582.64 22172 -2.046 4.412
20 821.17412.91 4885 3380 21.04 8.30282.64 241.05 -2.935 2.790
21 398.40 174.38 2390 4.045 2394 0.86528.60 8199 -0.926 6.487
22 522.54239.54 3027 3.851 23.09 1.6184425 12213 —0912 4.915
23 538.61245.69 31.00 4.080 24.09 6.08146.62 15857 —1.057 4.516
24 555.68251.55 31.88 3.690 2239 3.34846.62 13501 —1.099 3.710
25 646.68305.12 3671 3.759 22.69 2.03759.90 16226 —0.863 4.869
26 678.81317.12  38.13 4.087 24.12 691664.63 175.14 —1.308 4334
27 712.96 329.56  39.96 3.438 2129 2.60464.63 188.03 —1272 3.697
28 770.82370.70  43.15 3.693 2240 2.46975.55 20239 —0.809 4.809
29 819.02388.77 4529 4.122 2427 828082.64 221.72 —1.476 4.119
30 870.25411.94 48.69 3.360 20.96 10.770 82.64 241.05 —1.7552.580

aMolecularf weight; ®holecular volume; “surface area; dhydrophilicflipophilic balance; epercent hydrophilic sur-
face area; "dipole moment (1 D =3.336x10"° C m); gpolarizability; refractivity; 1energy of the highest occ u-
pied molecular orbital; Jenergy of the lowest unoccupied molecular orbital

TABLE V. Statistical results obtained

2

Compd. Mobile phase Intercept Slope r F MSE
1-10 2 0.003 (+0.034) 0.951 (+0.076) 0.951 155.732  0.011
9 0.001 (£0.020) 0.989 (+0.037) 0.989 709.096  0.004
11-20 2 0.002 (+0.041) 0.953 (+0.075) 0.953 161.270 0.017
9 0.002 (+0.042) 0.942 (+0.082) 0.942 130.611 0.017
21-302 0.003 (+0.054) 0.924 (+0.094) 0.924 96.926  0.029
9 0.0005 (£0.025) 0.978 (£0.051) 0.978 362.727 0.006
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The relationships between the  experimental and predicted Ry values to-
gether with their residuals (difference between pred icted and experim ental v a-
lue), for the Cr(III) complexes are shown in Fig. 1 as an example.
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id. L predicted R o
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=
ot
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Fig. 1. Relationship between the experimental and predicted Ry values together with their
residuals, for Cr(IIT) complexes; a) dichloromethane, b) dichloromethane—carbon tetrachloride.

The distribution of the residuals on both sides of the zero line indicates that
there is no systematic error in the obtai ned models. Fig.1 reflects the actual pre-
dictive power of the established models.

Analysis of these results indicates that the proposed models can correctly re-
present the r elationship between the r etention parameter s of the investigate d
compounds on silica gel and the m  olecular descriptors calculated solel y from
molecular structure. These models are s uitable for pr ediction of th e retention of
structurally similar compounds under the same chromatographic conditions.

Finally, the obtained models were compared with those established on poly-
acrylonitrile sorbent. 15 In the established QSRR  models for the se sorbents, the
retention behaviours are described by diffe rent molecular descriptors. This com-
parison show ed that differ ent aspects of the m olecular structure are responsible
for the separation of the analy tes. This is a quantitative confirm ation of the pre-
viously established separation mechanisms of the investigated co mpounds on si-
lica gel 14 and polyacrylonitrile.22 Hence, it is cl ear that differenc es in the struc-

ture of the sorbent determine the chromatographic behaviour of analytes, e.g., the
type of the s orbent—molecule interactions. In addition, these QSRR m odels can

be used for selection of the corresponding chromatographic system for separation
of structurally similar compounds.

CONCLUSIONS

A QSR R study of aseri es of mixed p-diketonato co mplexes of Co(Ill),
Cr(IIT) and Ru(III) on a thin la  yer of silica gel has been presented. The esta-
blished two- parameter models show satisfactory correlation and predictive po-
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wer. The main factors influencing retention on silica gel for all employed mobile
phases are polarizability and the hydrophilic—lipophilic balance. The QSRR mo-
dels quantitatively describe the retentio n of analy tes, based on their molecular
descriptors, which reflect structural differences between the co mpounds. A good
correlation between the experi mental and predicted retention parameters was ob-
served when polarizability and HLB were used as the m olecular descriptors. The
correlations obtained between the retenti on and the molecular descriptors were
highly significant and might be used to predict the r etention behaviour of struc-
turally similar com pounds with a consid erable degree of confidence when the
molecules are new or wh en the experi mental determination is r ather difficult or
subject to large uncertainties. This study gives a qu antitative assessment of th e
relative importance of specific interactions.

Acknowledgements. This study was supported by Grant No. 142062 from the Ministry of
Science and Technological Development of the Republic of Serbia.
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I[MPEABUBABE PETEHLIMIE S AMKETOHATO KOMIUIEKCA V TLC CUCTEMUMA
HA CUJIMKA-TEJIY IIPUMEHOM KBAHTUTATUBHOI' OJHOCA
CTPYKTVYPE U PETEHLIMJE

PAJJA M. BAOIINK, AHA /1. PAAOJEBU'H n )KUBOCJIAB Jb. TEIIMHR
Xemujcku ghaxyaitieiti, Ynusep3uitieiti y beozpady, CitiyOeniticku itipz 12, i.ip. 158, 11000 Beozpao

V 0BOM pajly KBaHTU(DUKOBAH j€ OJJHOC CTPYKTYpe U peTeHIuje 30 MEIOBUTHX fS-HKETOHATO
kommiekca koOanta(lll), xpoma(lll) u pyrerujyma(lll) mpumeHOoM MyNTHIMHEApHE PErPECHOHE
aHajM3e KopuinhembeM MOJCKYJICKHX JECKPUIITOPa, KOjU Cy J0OUjeHH MoMOohy KBaHTHO-XEMHjCKUX
n3pavyHaBama. PETCHIMOHN MapaMeTpH Cy A00HjeHH TaHKOCIOJHOM XpomarorpadujoM Ha CHIH-
Ka-rejly MPUMEHOM MOHO- M JIBOKOMIIOHETHHX pacTBapada. MOJEKYJICKHA NECKPHITOPU KOjU CY
YKIbYYCHH Y MYJTHIIMHEApHY PErPECHOHY aHAIIM3y Cy MOJICKYJICKa TE)KHHA, MOJICKYJICKa 3arpe-
MHHa, TIOBPIINHA, XUAPOGHIHH—TUIOGUIHHN GalaHC, MPOLEHAT XUAPO(UIHE TOBPIINHE, AUTIOIHH
MOMEHAT, MOJIapu3a0MITHOCT, pePPaKTHBHOCT, CHEPTHja HajBUIIIC 3ay3eTe MOJICKYJICKEe OpOHTane u
eHepruja HajHIKe mpa3He MoJieKyJicke opourane. JJobujeHa je 3agoBosbaBajyha Kopenaiuja n3me-
hy ekcrepMMEeHTAIHNX PETEHLHMOHKX TlapaMeTapa U PEeTEHLMOHHUX TapaMeTapa MnpeJBuleHux moc-
TaBJbEHUM MOJIEJIMMa, KOjU CajapiKe MONapu3albMiIHOCT M XUAPOPWIHN-IUNOGWIHE OanaHc Kao
neckpunrope. ITopelema 0BHX MoJea ca MOJeIUMa JOOHjeHUM Ha HMOJHAKPHIOHUTPUIHOM COp-
OeHTy, 32 HCTa jeIUbEerbha, IT0Ka3yjy Ja je CTPyKTypa copOeHTa 0J[rOBOpHA 32 XpoMaTorpadcko mo-
Hamame. OBH MOJIENIM Ce MOTY KOPUCTUTH 3a IMpeaBul)ame pEeTCeHIMje HOBUX jeUCHA y NaTHM
XpOMaTOrpa)cKUM CHCTEMUMA.

(ITpumsseno 25. ¢pebpyapa, peBuaupato 9. neremopa 2009)
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