Journal of Chromatography, 302 (1984) 89-94
Elsevier Science Publishers B.V., Amsterdam — Printed in The Netherlands

CHROMSYMP. 445
DEPENDENCE OF THE RETENTION OF PHENOLS UPON VAN DER
WAALS VOLUME, z-ENERGY AND HYDROGEN-BONDING EFFECTS

T. HANAI* and J. HUBERT
Université de Montréal, Départment de Chimie, CP 6210, Succ. A, Montréal, Quebec, H3CV1 (Canada)

SUMMARY

The retention of polyaromatic hydrocarbons (PAHs) and alkylbenzenes (Ph-
R) can be predicted from their Van der Waals volume and n-energy effect, and that
of alkyl alcohols (R-OH) from their Van der Waals volume and hydrogen-bonding
effect. The maximum retention is related to the Van der Waals volume, log k' (VWYV).
Retention is reduced by the m-energy effect, log &’ (%), or the hydrogen-bonding
effect, log k' (HB). Therefore, the retention time is given by

log k' (PAH and Ph-R) = log k' (VWV) — log k' (%)
or
log &’ (R-OH) = log k' (VWYV) — log k' (HB)

Furthermore, the retention of phenols (Ph-OH) is given by
log k' (Ph-OH) = log k' (VWV) — log k' (n) — log k' (HB)

in acidic acetonitrile-water mixtures on octadecyl-bonded silica gels.

INTRODUCTION

Among several parameters used for the prediction of retention time in liquid
chromatography, solubility parameters are promising because with these there is the
possibility of characterizing the nature of the molecules. The maximum retention
time of a molecule can be predicted from its Van der Waals volume in simple re-
versed-phase liquid chromatography when octadecyl-bonded silica gels are used as
the packing and acetonitrile-water mixtures as the eluent.

The retention of polyaromatic hydrocarbons, alkylbenzenes and halogenated
benzenes is reduced by their n-energy effect!:2, and that of alkyl alcohols by their
hydrogen-bonding effect?.

The retention of phenols can be predicted from their log P values (partition
coefficient between octanol and water) in acidic acetonitrile-water mixtures on oc-
tadecyl-bonded silica gels*. However, the equation used cannot be applied to other

* Present address: Gasukuro Kogyo Co., Ltd., 237-2 Sayamagahara, Iruma, Saitama, 358, Japan.

0021-9673/84/$03.00 © 1984 Elsevier Science Publishers B.V.



- 969°L - 891°0 L10°0 6110— 9T 0— 79¢°0— €979 Joueludg 6C
- - SEEL - 90°0— $91°0— $LTO— LE0— S9p0— o'z Jouelng 8T
e - - 0L0T L8301 L6LO $$S0 S6T°0 800 859 SUIZUIGOPO] LT
nUD - - 660°T 0860 YOL'0 £9v°0 €220 S100— 96°09 SUIZUIQOWOIY 9
e - - Ll - - 6T 1 0L6°0 0£9°0 $T 501 SUSZUBQOIO[YORXIH $T
- - - Al - - 9ZI'1 T80 £05°0 9L°66 2UIZUIGOIO[YORIUS ¥T
3 - - Siy'l - 79T'1 7960 1290 PLED 8798 SUSZUIQOIOTYORIIL ¢ T’ 154
Z - - Tl - 18T°1 7860 1690 v6£°0 8798 SUBZUIQOIOTYORIL-C €T ] 144
m - - 8761 - 80C'1 $160 %90 1¥€°0 8798 SUSZUDQOIOTYOBNI - T’ 1T
: - - SPLO - 0ST'I $98°0 885°0 €0€°0 08°9L 9USZUSGOIOTYOU ] G C ] 174
&= - - 0sL1 - 750°1 ELLO 1050 €T 0 08'0L SUSZUIGOIOTYIM L-HT° 1 61
- - LEO'T IST°1 9580 $85°0 9Z€°0 €L0°0 L9 AUBZUIQOIOTYII-F* 81
- - L19'T S81'l 088°0 6190 $9¢°0 LOT°0 L9 JUIZUIQOIOTYN-E [ L1
- - LOET SOI'l 908°0 £65°0 90€°0 €500 L9 auszusqoIo[YoId-T ‘| 91
- - 8907 $76'0 590 L1Y'0 081°0 6500— v8LS SULZUQOIOTYD ST
- - 1SL°€ - - - - £v0°1 86161 sudzuaqIAdR(q ¥l
- - 8L9°€ - - - - y16°0 SEIYl auszUdqIAUON £1
- - 9ISE - - - 861°1 €8L°0 el audZUIA10 Al
- - Lov'E - - - €901 #59°0 68°071 suszudqiiidoy 11
- - 98¢°¢ - - 96Tl 688°0 LTS0 99°011 suazuaqIAxay o1

- - 611°¢ - 90T'1 968°0 £65°0 0870 0706 suszuaqAing 6

- - 168°C $SE'1 STI0'1 6TL'0 €570 691°0 L66L suazuaqiAdord 8

- - SEL'T STI'1 $T8°0 £95°0 90£°0 LYO0 ¥L'69 suazusqlAyIg L

- - 79T 9260 8590 ¥Tyo 1610 150°0— 15768 auenjog, 9

- - SLY'9 - - (AN 1+8°0 70570 91'sTl JUsSENSL S

- - 18T°L - - 060°1 0LL'O Al 91°6TI suaskIy) 14

- - LS - 680'1 16L°0 905°0 SIT0 95°66 JUAIYIURUIYJ €

- - 1L8°€ 060'1 ¥8L°0 8750 yLTO S10°0 96'EL susreiydeN r4

- - 1981 LILO 80 0LT0 150°0 0L10— 9¢'8Y suozusg I

0s 09 0L 08 06
ey 7 4 wwl (3panuo12o0 9 ) .y 8op wAMA punoduo)
"0.0€
‘arnyeredws) UWN[Od ‘SAINIXIW JSTeM—-S[LIUO}IOE Ul pIoe ouoydsoyd Ay 1070 ‘Wusnd &' W 99 x Wo ] (SAO) 0001-DYT ‘UWN[0O SUOHIPUOO [eruswadxy
- SYALFIWVEVd TVOISAHd YIFHL ANV SONNOdWN0D
N

1314VL



RETENTION OF PHENOLS

(Z6 “d uo panuyuo)) )

686'L -
97’8 -
EV6L -
YOT'L -
0e8’L -
678'L -
¥00'8 -
£L9°L -
STT8 -
88°L -
L¥o'L -
L10'8 -
w6 -
616 -
9C1°01 -
SLT'6 -
09¢°6 -
168'6 -
68¥°6 -
9L°6 -
$Ts'8 -
£10°6 -
911’6 -
bOL'8 -
65’8 -
£€88°L -

1eel
LS80
9790
10v°0

1£6°0
Siv'o
L1S°0
LLY'O
0LE°0
Syeo
TLeo
LLE0
61¢°0
LLYO
661°0
1o
1474\
£8C°0
065°0
¢LY'0
95v°0
S1v0
6£T°0
80C°0
97¢0
8870
vLT0
¥01°0
1s1°0
020°0—

111
61’1

£66°0
965°0
66£°0
9070

6LT0
¥81°0
Y970
8770
8¢1°0
811°0
1£1°0
P10
£60°0
LEO0—
L10°0—
s0'0—
ov0°0
9€0°0
81t’0
wio
87C0
¥81°0
§20'0
200'0—
£1ro
0L0°0
900
060°0—
woo—
8610—
¥8¢°1
S0T'1
S10°1
€80
980°1
6CL0
6LE0
0170
6£0°0

9¢0°0
00—
¥20°0
S10'0—
660'0—
LO1°0—
S01°0—
$80°0—
8¢1°0—
wTo—
€ET0—
$9T0—
€81°0—
9LI'0—
¥01°0
£10°0
$00'0—
SY0°0—
$81°0—
80C°0—
901°0—
Wwio—
651°0—
w6T0—
1§T°0—
L6t0—
680°1
SL80
L1L0
$9¢°0
811°1
1080
68¥°0
7810
0v0°0
pIIo—

£81°0—
8§T0—
v61°0—
£€T0—
LOt'0—
01¢'0—
pieo—
$6T°0—
23 U
vy o—
81v'0—
Lryr'0—
69t°0—
S9L°0—
¥ero—
861°0—
414 U
$6T0—
6L80—
66£°0—
86C°0—
ore0—
e 0—
69v°0—
y'o—
856°0—
0960

689°0

0$5°0

o

16T°0

0080

(4391}

0LT0

¥10°0

11o—
1€2°0—

66'18
66°18
66'18
16°TL
1$°CL
16°CL
16720
1§°CL
1672
£0°¢9
£0°€9
£0't9
9TSL
9TcL
8186
£eL8
£LL8
£EL8
81°9L
819L
81°9L
819L
81°9L
£0'c9
£0°9
88°¢S
81601
7L'88
6v'8L
97’89
£0°8S
0Lps1
yovel
8LETI
[4 3%
60t8
98'CL

JousydoIo[you 1 -9‘¢‘g
[ousydoIoydL -6 €T
Jouaydio[you] '€z
Jousydoloyaig-s*¢
[ousydoloyai-4*¢
[ousydolo[yard-9°z
JousydoIo[yara-§‘z
Jousydooryora-4'
Jousydolofyarg-¢‘c
rousydoIoyD-p
[ouaydooy)-¢
[ousydoloy)-z
[ouoydiApg-y
JoudydiAyng-z

[ousydiAyIowens1-9c'g ‘7

TousydiAysomis -9y
touaydjApowuy -9‘g‘g
JousydjAyiouriey -7
JousydiApaun(g-g‘g
Jousydifyraung-p'e
Jouaydidyiaun -9z
fouaydiAyownq-‘g
JousydiAyouny-¢‘z
TousydiAyIa -
JousydiAyIs-¢
fouayq

aues(q

uePO

suridoy

QUBXIH

uejudd

[ouedopeIId]L,
[ouesspoq

[ouesa(

[oueidQ

[ouridoyg

[ouexayy

9
9

€9
9
19
09
65
8¢S
LS
9¢
%Y
¥s
£
(4%
Is
0s
94
34
Ly
9
194

34
(44
44
oy
6t
3¢
LE
9t
Se
123
33
[43
e
0¢



*(Jow/[eoY) A810us Surpuog-usSolpAy pue A81oud-x o1 pajefRl sjouayd 10§ 100yo AS1oug ¢
‘1 'Jo1 998 sUOnE[NO[ED 10] ([ow/[eaY) 100y A3I0Ud Surpuoq-us3oIPAH yux
*T ¢1 "SJa1 99s suone[mofes 1o0j (jout/[edY) 109ys ASwug-1
*spoYyIaW s jpuog Aq PSIR[NO[EO SWN[OA STERAN JIP UBA

T. HANAI J. HUBERT

6561 - - 19g0 $60°0 Wro—  SIo—  999°0— s jousydonud-4's 98
LOLT - R 881°0 W0'0—  €870— TS0 6618 jousydonuiq-9°T :8
il - - 90 0020 S€00—  L8TO—  LISO- 6618 JousydonuiQ-s v8
16711 - - 0o Lo 00— S6T0— €150 6618 jousydonuiq-+7 €8
8L9°6 - - 1o 900°0 1020—  $0¥0—  p650— 91°89 JousydonN-p 28
968'6 - - 1970 6700 6ST'0—  98€0—  b6s0—  91'89 jousydonIN-¢ 18
$85°L - - ws0 082°0 $L0'0 Wro—  9vE0— 129 [ousydonIN-g 08
we'L - - 810 €510 612°0 PI00— €270 80°6L jousydouoIqiq-9°z 6L
pS8'L - - wLo wro 0£20 8000—  6120— 80°6L [ousydowoiqiq-+T 8L
661'8 - R LTT0 010°0 €170—  €6£0— 81'99 jousydoworg-p LL
996'L - - 9sp0 £¥T°0 £20'0 610— 6360 899 jousydoworg-¢ 9L
185°8 - - €950 1IE'0 L80°0 0E10—  LZE0— 1%L jousydiAyIouI--010[4)-F SL
110’8 - - oo 2980 8710 L600—  POEO— 1svL JousydAy3ou-z-010YD - YL
0Tr's - - w0 667°0 £L0°0 SI'0— 6580~ 1SvL JouoydiAy)ouI--010[D- €L
vEv'L - - gl 8960 $59°0 9LE0 9110 56001 jousydoIoyoerusg u
SEEL - - 6601 1LL0 9640 €00 €100~ Lv'16 [ousydoIo[yIenaL-9' €T I
68p'L - - 601 09L'0 8LV'0 YITo YE0'0— Lv'16 JousydoIOORNaL -5 €T oL
1v'L - - 9160 909°0 We'o 880'0 8E1°0— 6618 jouaydolooL L' 69
SIvL - - 680 2090 LbE0 010 YZ1'0— 6618 jousydoIOMOH T 9p°T 29
£80'8 - - 880 LLS0 LIE0 190°0 891°0— 6618 10usydoIONIL [-5° L9
05 09 o 08 06
e S ol (apauo1aon %) y 80] L\ AMA punodio)

92

(pamuijuo9) 1 AT9VL



RETENTION OF PHENOLS 93

compounds, due to the lack of solvent effects in the calculation of log P values.
Therefore, the basic parameters, Van der Waals volume, 7n-energy and hydrogen-
bonding effects, have been examined experimentally from the difference in log k'
values of phenols.

EXPERIMENTAL

The instrumental details have been described previously* and the chemicals
used are listed in Table I. The octadecyl-bonded silica gel column ERC-1000 (ODS)
was obtained from ERMA Optical Works (Tokyo, Japan); the column temperature
was 30°C.

The Van der Waals volumes were calculated by Bondi’s method®, and the
hydrogen-bonding and n-energy effects were determined experimentally.

RESULTS AND DISCUSSION

The log &’ values measured are listed in Table I together with the z-energies.
The hydrogen-bonding energy of alcohols is 8.10 kcal/mol in this acidic eluent, and
it is 8.13 kcal/mol in acetonitrile-water mixtures®. The energy effect on the retention
of phenols is 7.88 kcal/mol, which value is close to the hydrogen-bonding energy of
an alcohol with a Van der Waals volume similar to that of phenol. If the value of
the delocalization energy of phenol is 2.20 kcal/mol®, the hydrogen-bonding effect of
phenol must be 5.68 kcal/mol. Furthermore, the delocalization energy of monoch-
lorobenzene is 2.24 kcal/mol and that of mononitrophenols and monohydroxyphen-
ols is 2.59 and 2.39 kcal/mol, respectively®. This means that the hydrogen-bonding
energy of a hydroxy group, conjugated to a benzene ring, is about 5.7 kcal/mol. This
value is very different from the ref. 7 value, 20 kcal/mol. The difference in energy
levels among isomers of phenols may be due to the inductive effect of substituentes
to n- and hydrogen-bonding energy effects.

The inductive effect of the n-energy can be obtained from the results for the
benzene derivatives, except phenols. The difference between the n-energy effect of
alkylbenzenes and that of benzene is 2.3-3.7 kcal/mol, and the solvent effect is less
than 0.2 kcal/mol. The total energy effect of alkylphenols is 8.3-10.1 kcal/mol, and
the solvent effect is less than 0.4 kcal/mol. This means that the energy effect of the
alkyl group can be considered as being constant and the small difference as due to
the size of the alkyl group.

The inductive effect of halogen is not negligible. The n-energy effect is 0.7-2.3
kcal/mol for benzene derivatives, and the values are changed by up to 0.7 kcal/mol
by the solvent effect. The effect of the total energy change for halogenated phenols
is 7.2-8.2 kcal/mol and the maximum solvent effect is 1.5 kcal/mol in the above
system. The inductive effect is not linearly related with Hammett’s ¢ constant or
Taft’s o* constant. The prediction of retention time for di-, tri- and tetrasubstituted
compounds is, therefore, very difficult at present.
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