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SUMMARY

Adsorption vialues on Sephades LiT-2o Dextran for o large number of aromatic
organic molecules have been corvelated with the delocalization encergios of these
compounds, The delocalization energies may be calculated from moleculin orbital
theory. Since delocalization energies are more readily obtained than experinmental
resonance energies, A values for this svstem o may be predicted in many cases from
theoretical considerations.

INTRODUCTION

A previous publicationt has demonstrated that the adsorption (K) value for
planar aromatic hydrocarbons on Sephadex LH-20 Dextran can be linearly correlated
with the resonance encrgies of these compounds if methanol or isopropanol is the
cluting solvent, The refation is maintained when acetonitrile is substituted for the
aleohols but fails if either DMEF or THIF is the eluant®,

Since resonance energies are not easily found in the literature we have con-
tinued our effort to correlate K values with another energy parameter. Delocalization
energies (D/15) of clectrons are readily caleulable using the molecular orbital (MO)
theory. For this reason it was decided to compare A values with the caleulated D2
vitlues, Using DF viadues o host of compounds, for which resonance energies have not
been determined, could be studied and hopefully the correlation extended.

MATERIALS AND METHOD

K values for all compounds were determined using the colunms, gel, and
detectors previously described!. 7 wis determined from the elution value of Blue
Dextran and (17, -+ 17) from the clution values of acetone and hexane, which were
identical, Both 7y and (17, -4 17) showed little dayv-to-day varviation, & values woere
computed in the standavd way, The standard deviation was 4 o.07.
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DI values were caleulated from Huckel MO theory®tas the difference between
the total energy of thes clectron system and the energy that the system would have if
all its double bonds were localized. The caleulations were performed with the MO
parameterization recommended by Srrerrwirser® and the D75 values are reported in
units of the so-called resonance integral, Although it is generally conceded that cal-
culated D values are not as accurate o measure of the resonance energy for hetero-
molecules as for hydrocarbons, their usefulness for molecules containing heteroatoms
has been demonstrated previousiy,

RESULTS

A Jeast squares solution for X s, DS for five planar, unsubstituted hydroear-
hons and hexane vields the equation

IV o= 0,233 (D) 4 o2y (1)

N vadues, both experimental and calculated, and 2270 values are listed in the first part
of Table T, The pooled standard deviation for these six compounds is 22 o.0g. The
pooled standard deviation for the correlation of A with resonance energies for ten
aromatic hydrocarbons was - 0.08 (ref. 1), The correlation of X with 7277 is then
essentially as reliable as the correlation with resonance energy.,

Eqn. 1 wias used to caleulate A values for the rest of the compounds listed in
Table I. Agreement between computed and experimental values is very good except

TABLI

PREDICTARBILITY OF I VCALUES FROM DD vaLves

Componad

Dl IWiaspu, Newe, A

Hlexane 0,00 1.00 0.02 ~0,0N
Benzene 2.00 1.34 1.39 O.00
Naphthadene 3.08 1.7 1,78 0.07
Anthracene 5.31 2015 210 0.0]
Phenanthrene 5.45 2,30 210 oy
Fluorene 4.75 1.03 2,04 010
Toluene 215 1.34 1.4 0.0
Chlorobenzene 2.05 oo 140 0.00
Nitrobenzene 2.50 1.50 1.51 001
Benzonitrile 20 1.0 1N 0.08
Benzvl adeohol 2.00 1.30 1.30 0.00
Anisole 2.2 140 1o 0.0
Nylene a0 (IR 1,40 0N
1-Chloro-g-nitrobenzene 2.55 1.50 1.52 0.0,
2-Methytnaphthalene 354 1.0h 1.8 Ot
t-Chloronaphthadene 3.73 1.73 1.50) 0.0
2-Chloronaphthaldene 373 1.80 1.70 0.0
t-Nitronaphthalene 4ot 1,78 (.88 IR
t-Cyanonaphthalene 410 1.7 1,88 0.1
2, 6-Dimethyinaphthalene 308 162 1.85 0.3
1,2, 3. - Tetrahyvdro-

naphthalene 2.00 (W 130 005
Biphenyl 438 1. 1.0y 032
trans-Stilbene 488 1.8 200 AWK
Diphenslamine KT 1.85 1.0h oot
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for the alkyl hydrocarbons and the non-planar compounds. 7 values for the alkyl
hydrocarbons are unreliable since they run counter to the resonance energy trend; the
cauittion will give rise to caleulated A values which are too high in the case of non-
planar structures for the reasons previously outlined!,

[fa A value for o phenol is computed using eqn. 1, the value obtained is too low
in nearly every case, This discrepaney can be assigned to increased adsorption of the
molectle to gel through hyvdrogen bonding through the phenolic hvdroxyl, A corrected
form of the equation cian be written as:

N 0,233 (0005 - o2y b n(o.23) (2)

The last term corrects for the number (#) of hyvdroxyls on the molecule, DJY,
experimental and computed N values (using eqn. 2), and ditferences for phenolic
compounds are listed in Table IT.

The agreement between theoretical and caleulated values is fair with o few
notable failures. Both 2-hydroxy- and z-nitrophenol are known to have H-bond inter-

TABLI T

.

CORRELATION OF A VAaLUEs Wit 2/0 VALt s AND H-BOND FUNCTTONS FOR PITENOLS

Conpornd D Nispn,  WNeae, 1

Phenol 2,20 1.035 1.00 0.0
2-1ydroxyphenol 2.30 1.0y toag 0. 30
A-TIvdrosyphenol 2,30 .87 1.0 o.07
J-Hvdroxvphenol 2,30 1.03 1.0 0. 20
2, 3-Dihvdrosyphenol 2.5¢0) 2.1 2.2 .08
J-Uhiloraphenol 2.2 [ 1.07 vy
A-Chlorophenal 2oy 1.0 1.07 004
4-Chtorophenol KRN 1.73 1.07 000
2-Nitrophenol 2.50 1R 1.75 027
3=Nitrophenn! 2.50 1.70 1.75 003
4-Nitrophenol 250 1.0hy t.75 .08
1-Naphthol 3.8 223 2,00 oy
2-Niphthol 3.8 208 2.00 0.02
1, 3-Dihvdrosvnaphthalene 1.00 2,00 2.3 0.35

TN T

CORNRELATION OF I VALUES AND [0 VALUES FOR ANTLINE DERINVATIVIES

Compirind nt s, N, B

Aniline 23 1.03 1.y 0.0,
N-Methylaniline 225 1.03 1.ON# 0.035
N.N-Dimethylaniline Loay 1.50 .15 0.035
2-Chloroaniline 2aN 1.33 1.5 012
3-Chloroaniline 228 1ot 1.5 0.0
4-Chloroaniline 228 .34 1.45 ot
2-Nitroaniline 203 1.50 1.5 0.0y
3-Nitroaniline 303 1.5 1.5, .00
t-Naphthylamine 303 2N 2050 S0t
2-Naphthylinnine o2 2.1 RNSLA 007

t Computed using cgn. (2)
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actions between the ortho groupst and therefore do not hyvdrogen bond to the gel.
K values Tor these two compounds, computed by eqn. (1), are 1.48 and 1.52, respec-
tively, These values agree more closely with the experimental viadues, The “too high'
vidue for hydroquinone and *too low" value for 1, 3-dihvdroxynaphthalene cannot he
ritionalized on this hasis.

Ring-substituted anilines give values predictable by eqn. 1 but aniline, N-
methylaniline and the two isomeric naphthyliunines have experimental vialues which
are higher by o.2g units than computed values, These compouncds give o boetter corre-
ltion using eqn, 2. The ditferences noted in behavior may arise from sterje consider-
ations<, Data and caleulated values are given in Table 11T,

Carboxyvlic acids correlate surprisingly well with eqn. 1, with a few exceptions,
These arve terephthalic, g-nitrobenzoic and 3-hydroxy- and g-hvdrosybenzoice acids.
The Tast two compounds should give low computed values hecanse of the hyvdrogen
bonding of the hydroxyl group. Using cqn. 2 computed values for these compounds
are 1.85 and 1.80, respectively, This compares very well with the experimentad valie
for the g-hydrosy acid, but still leaves considerable error for g-hydroxyvbenzoie aeid,
Al values are listed in Table TV, These vresults imply that H-bonding between the gol
and the carboxyl group is unimportant except in a few special cases. One of the prin-
cipal insights gained, therefore, by the correlation of adsorption constants and [/
vitlues is not necessarily a quantitative differentiation between adl various substituted
hydrocarbons, but rather an understanding of the relative importance of 7 electron
interaction, hvdrogen bonding, and sterie effects in these moleciles.

TN TN

CORRELATION OF IV VALUES AND DD VALUES FOR CARBOSYLIC ACTDS

Compond ni: Nuspn,  Wewe, A

Henzoie acid

doph .50 .57 007
Phthalic acid 425 1.30 1.08 IR
Isophthalicacid 325 ] 1.O8 0.0
Terephthalic acied 325 2ota 108 .51
2-Uhlorabenzoic acidl oS0 1351 1.55 AN
3-Chlorohenzoic acid 2N 1.7 1.58 NI
J-Chiarobenzoic acidl 2N 1.6 .38 TRT
2-Nitrobenzoic acid 300 tra .00 T
A-Nitrohenzoic acid 31h 200 [ RN
2-vdraxsbenzaic acid L07 t.G7 1.2 .05
A-Hvdrosybenzoicacid 1097 186 1.850 AT
g-livdrosvhenzoie seeidd 208 KT 180 0,34
t-Carbaxynaphthalene gy 1.95 (R o0
L-Carbosvoaphthalene 115 1.t .00 .00

*Calewlated using cogn, 2

The st group of compounds to be considered, the heteroeveles, are o very
mixed bag, I eqn, 1 is used, some compounds have “too high” computed values, some
“too low, and some within possible errors, This last group includes pyrazole, 1,2,4-
trinzole, benzotriazole, 2-methyHuran and coumarone. Those in the “too low' cone.
puted group all contain an imidic hydrogen as in pyrrole, indole, carbazole and imi-
duzole. The average difference between experimental and caleulated values is o.39
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units, This probably represents the hyvdrogen bond bhetween the imide hydrogen and
the wel,

[tis interesting to note that of the seven Cimidic” heteroeveles, the four withe-
out an N atom adjocent to the N bond show Fl-honding whereas the three with a
~NH--N structure do not, e thes fit eqn. 1L Thus pyrazole and imidazole give identi-
cal caleulated D270 values but very different A values,

Compounds of the type pyridine, quinoline, pyrimidine, and phenazine all have
experimental N values less than the caleulated values, This may present ditficultios in
caleulating D17 values in heteroevelie systems containing only pyridine type N. Data
and computed values using cqn. 1oare listed in Table V

.

TABLE Y

CORRELATION OF VAV ALUES AND DD VALUES FOR METEROUYCLES

Conpovand Dl INpap. Neare, N

I'vredine 1.0 1.2 L340 TR
Nicotinicaeid .75 | 1.30 .2
Ouninoline 3.08 .03 .78 (I
Isonpuinaline 3.07 33 1.7 0.5
Pyrrole 1.5 (N L.t NTY
Tandotbe 3.08 2,08 2030 .05
Carbhazole 400 247 2oghn 001
Finiddazole 127 1.55 (YR .0
I’vrizole boa [ [ OO
Pyrimidine 10N 126 TR O
Phenazine 0L.08 1.7 4 2.3 Ot
o2y Irinzole 1.3t 1,30 1,23 O3
enzotriazole RPN | N [ G002
2-Methylfuran t.2n 1.25 poag 004
Conrnirone 207 1.5 1.t 00N

Caleulintedh using equer s oL 3o The bt ter teem represents the hvdrogen boned contribution
ol the imide group,
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