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SUMMARY 

It is shown that, if a phenol or alcohol is partly transformed into its trimethyi- 
silyl (TMS) ether, and the mixture is then separated by gas chromatography using 
a polar stationary phase, valuable structural information can be obtained on the 
basis of the retention times of the hydroxy compound and its ether. For phenols, it is 
possibIe to determine the substitution pattern and the type of substituents at the 
or!Jzc-positions; for alcohols 2 distinction can, among other things, be made between 
primary, secondary and tertiary alcohols. Conversion into TMS ethers is also of value 
for the resolution of mixtures of hydroxy compounds that are difficult to separate 
as such by gas chromatography. 

INTRODUCTION 

It has been shown that, for alkylphenols with similar molecular weights, the 
retention time in gas chromatography on a polar stationary phase decreases with 
increasing number of or&o-situated alkyl groups. The reason for this is the shielding 
effect of these groups, which reduces the interaction between the phenolic hydroxyl 
group and the polar molecules in the stationary phase. On a non-polar phase, how- 
ever, the same shielding causes phenols to be separated in the reverse order, i.e., 
-among alkylphenols with similar molecular weights, non-ortlzu-substituted compounds 
will have the shortest retention times and di-u&o-substituted compounds the longest. 

These relationships have been utilized for the separation of mixtures of 
phenolic compounds’ and have also been used for the type determination of phenols. 
Thus, Fitzgerald2 has shown that, when plotting the logarithms of the retention times 
of alkylphenols on a non-polar phase (Apiezon L) against those on a poIar phase 
(dodecyl benzenesulphonate), the phenols fall into three groups comprising non- 
or&o-, mono-or&z- and di-orthc-substituted compounds. Accordingly, by chromato- 
graphing an alkylphenol on the two stationary phases, it is possible to decide the 
al&substitution pattern around the phenolic hydroxyl group. 

In the present investigation, it is shown that the same information can be 
obtained by using only one polar stationary phase, provided that the alkylphenol 
and its trimethylsilyl (TMS) ether are chromatographed simultaneously and that the 
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ratio between their adjusted retention times is used. The basis of this method is that 
the retention times of the TMS ethers of alkylphenols with similar molecular weights, 
in mntrast to those of the free phenols, are relatively independent of or&o-substi- 
tution. 

The silylation method is valuable not only for the investigation of orihu- 
substitution of alkylphenols, but also for structural elucidation of phenols containing 
other functional groups. As will be shown later, particularly large effects are obtained 
for phenols with groups capable of forming internal hydrogen bonds with the phenolic 
hydroxyl group. 

As an extension of the work on phenols, the silylation method was applied to 
some alcohols in order to ascertain its value for the structural investigation of these 
hydroxy compounds ; the compounds studied were primary, secondary and tertiary 
aliphatic alcohols and some types of aromatic alcohols. 

Advantages of the present method are the facts that only one stationary phase 
is needed and that the ratio between the retention times of the hydroxy compound 
and its TMS ether is taken. This ratio is independent of change in the carrier-gas 
flow-rate, and also of small changes in column temperature, as the two compounds 
are co-chromatographed. 

EXPERIMENTAL 

Apparatus and columns 
The gas chromatographic investigation was carried out with a Perkin-Elmer 

gas chromatograph (model 900) with a 3ame ionization detector. Steel columns 
(0.125 in. 0-D.) 1.8 m long for phenols and 3.6 m long for alcohols were packed with 
5% (w/w> of cyanosilicone GE XE-60 (Applied Science Labs., State College, Pa., 
U.S.A.) on acid-washed and DMCS-treated Chromosorb G (80-100 mesh)_ The 
carrier-gas (nitrogen) flow-rate was about 30 ml/min, and the operating temperature 
was 75, 150 or 200” (see Tables I-V). The gas hold-up time was evaluated by injecting 

methane. 

Procedure 
The silylation was carried out by adding a few drops of hexamethyldisilazane 

to one drop or a small crystal of a phenol or alcohol in a test-tube. The reaction 
between hexamethyldisilazane and a hydroxy compound can take place rapidly, but 
it may be sluggish, depending on the structure. With certain compounds, no heating 
is necessary; with others, heating the test-tube over a small flame for a short period is 
recommended. 

Some compounds, e.g., 4formylphenol and certain halophenols, react so 
rapidly that silylation must be carried out in diethyl ether medium in order to achieve 
only partial reaction; with such compounds, it is best to dissolve the sample in diethyl 
ether and then to add an ether solution of hexamethyldisilazane. For sluggishly 
reacting compounds, e.g., those in which the hydroxyl group is protected from attack 
by the presence of large or&u-situated groups, trimethylchlorosilane should be added 
as catalyst. In this instance, ammonium chloride is formed; a precipitate can also 
appear in the absence of trimethylchlorosilane, e.g., with certain halophenols and 
salicylic acid, but it disappears on heating. 
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It shou!d be noted that only partial silylation is required, as the hydroxy 
compound and its TMS ether should be co-chromatographed. Lt is not possible to 
give a general procedure for performing the silylation reaction, but satisfactory results 
can be obtained empirically_ 

RESULTS AND DISCUSSION 

Pkeno Is 
Alkyipkenob. The results obtained for alkylphenols are collected in Table I; 

the following discussion refers to a temperature of 150” for phenols unless otherwise 
stated. It can be seen that, for the compounds investigated, the ratio (R) between the 
retention time of the phenol and its TMS ether is 4.2 or higher for alkylphenols 
without or&o-substituents, 3.M.3 for phenols with one o&o-situated alkyl group 
and 1.5-2.6 for phenols with two such alkyl groups. There is a slight overlap between 
the first two groups, as 2-isopropyl-5-methylphenol has an R value corresponding to 
a non-o&o-substituted phenol. in fact, phenols with or&o-situated isopropyl groups 
tend to give high R values (see, e.g., 2-isopropylphenol and 2,6-di-isopropylphenol). 
2-Benzylphenol behaves like an alkylphenol, its R value being 4.1, whereas 2-phenyl- 
phenol (with an R value of 2.5) falls among the d&or&o-substituted alkylphenols. 

A comparison between S-substituted and the corresponding 4-substituted com- 
pounds shows that the R values for the former are consistently greater than those for 
the latter. Thus, on the basis of the R values for alkylphenols, one can determine the 
substitution pattern ortho to the phenolic hydroxyl group and also (to some extent) 
at the meta- and para-positions. 

ffalopkenols. Non-or&o-substituted halophenols have R values higher than 
5.4, whereas the values for the mono- and di-o&o-substituted halophenols studied 
are below 2.3 (see Table II); thus, it would seem to be possible to distinguish the 
former group from the other two. These last two groups, however, unlike the corre- 
sponding alkylphenols, cannot be distinguished on the basis of their R values. It can 
be seen that methyl groups elsewhere than in the ortha-position have only a slight 
effect on the R values for chlorophenols, while additional chlorine atoms in the nzeta- 
and para-positions increase the R values (see, e.g., 3-chloro-, 4-chloro-, 3,4-dichloro- 
and 4-&loro-3-methylphenol). 

A methyl group in the free o&c-position of a mono-ort1zochlorophenol 
decreases the R value (as expected), but, surprisingly, a chlorine atom in the same 
position increases the R value (see, e.g., 2-chloro-, 2-chloro-6-methyl- and 2,6-di- 
chloro-phenol). It should be noted that we did not study certain types of halophenols, 
for example, those non-orfho-chloro-substituted but having alkyl groups at one or 
both of the o&o-positions; it may well be that these types can interfere with mono- 
and di-o&o-substituted halophenols. 

A comparison between the R values in Tables I and II shows that, for the 
compounds studied, only mono- and non-o&u-substituted alkylphenols can be 
distinguished from halophenols. 

Phenols with various f2~~czionaI groups. The funciional groups dealt with in 
this section all contain an oxygen atom capable of forming a bond to the hydrogen 
atom of the phenolic hydroxy-group when located orrko to this group. This fact 
decreases the retention time for certain o&o-substituted phenols to an extent such 
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TABLE I 

ADJUSTED RETE%TION TIMES AND RETENTION-TIME RATIOS (R) FOR ALKYL- 
PHENOLS 

Substituent or compound Temperature Retention time (min) R 

(“C. 
Phenol TMS ether 

Non-ortho-substituted 
Phenol 
3-Methyl 
3-Ethyl 
CMethyl 
4-Ethyl 
bsec.-Butyl 
4-rert.-Butyl 
&err_-Pentyl 
3,4-Dimetbyl 
3.5~Dimetbyl 
5-Ethyl-3-methyi 
3,4,5-Trimethyl 
2-Naphtbol 
4-ret-t,-Octyl 
4-it-Nonyi 
CCycIohexyl 
4-Benzyl 
4-Phenyl 

fifono-ortho-substituted 
2--Methyl 
2-E&y1 
2-Isopropyl 
2-terr.-Butyl 
t-Bezzyl 
t-Pbenyl 
Z3-Dimethyl 
2,HXmethyl 
Z5-Dimethyl 
5-Isopropyl-2-methyl 
2-Isopropyl-5-methyl 
2-ten*_-Butyl4methyl 
2,4-Di-tert.-butyl 
2-feri.-Butyl-5-methyl 
2,3,5-Trimethyl 
2,4,5-Trimethyl 
I-Naphthol 
2-Benzyl 
t-Phenyl 

Di-ortho-subsh-tuted 
2,6-Dimethyl 
2-Methyl-6n-eropyl 
2-Methyl&rert.-butyI 
&Allyl-2-methyl 
2&Di-isopropyl 
2&Diallyl 
2,4,6-Trimethyl 
2,3,5&i-Tetramethyl 

150 2.46 0.57 4.3 
150 3.54 0.81 4.4 
150 5.02 1.04 4.8 
150 3.39 0.81 4.2 
150 4.93 1.12 4.4 
150 8.75 1.87 4.7 
150 8.51 1.75 4.9 
150 12.6 2.62 4.8 
150 5.80 1.30 4.5 
150 4.98 1.04 4.8 
150 7.06 1.42 5.0 
150 10.0 2.20 4.5 
200 6.05 1.44 4.2 
200 3.41 0.94 3.6 
200 4.51 1.22 3.7 
200 5.00 1.46 3.4 
200 10.3 2.72 3.8 
200 10.8 2.76 3.9 

150 2 62 0.75 3.5 
150 3.45 092 3.7 
150 4.06 1.01 4.0 
150 5.48 1.57 3.5 
150 59.3 14.4 4.1 
150 18.8 7.56 2.5 

150 4.59 1.30 3.5 
150 3.68 1.08 3.4 
150 3.74 1.05 3.6 
150 6-38 1.55 4.1 
150 5.52 1.28 4.3 
150 6.71 2.01 3.3 
150 11.1 2.98 3.7 
150 7.12 1.95 3.7 
150 6.32 1.67 3.8 
150 5.92 1.63 3.6 
200 5.20 1.32 3.9 
200 6.26 2.03 3.1 
200 2.68 1.25 2.1 

150 2.42 1.24 2.0 
150 4.13 2.03 2.0 
150 3.98 2.01 2.0 
150 3.71 2.24 1.7 

150 4.63 1.81 2.6 
150 5.95 3.90 1.5 

150 3.35 1.71 2.0 
150 6.68 3.27 LO 
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ADJUSi-ED RElTENTfON TIMES AND RETENTION-IIME RATIOS (R) FOR HALO- 
PHENOLS 

Tempemfure Rerention time (tnba) R 

W) 
Phenol TMS ether 

Non-a-t&-substituted 
3-FlUOn, 150 
4-Fluoro 150 
3-ChIoro 150 
CChIoro 150 
bChloro-3-methyl 150 
3,4-Dichloro 150 
4-Bromo 150 

Mono-ortho-substituted 
2-rluoro 1.50 
2-Chloro 150 
2-Chloro-Smethyl 1.50 
&I-Dichloro i50 
2,4-Dichioro-3,Sdimethyl 150 
2,5-Dichloro 150 
&4,5-Trichloro 150 
2-Bromo 150 
2-rod0 150 

Di-orrho-substituted 
2-Chloro-dmethyl 150 
2,4-Dich!oro-Bmethyl 150 
2,6-Dichloro 150 
2,3,4,5&i-Pentachioro 200 

3.66 
3.38 

10.0 
10.3 
13.4 
38.2 
16.8 

0.90 
-1.4 

2.1 
4.14 
7.55 
421 

12.4 
-2.1 

4.55 

1.42 1.89 0.75 
-3.9 -3.9 -1 

3.98 2.46 1.6 
7.05 2.01 3.5 

0.58 6.3 
0.63 5.4 
1.38 7.2 
1.65 6.2 
2.20 6.1 
3.70 10.3 
2.60 6.5 

0.51 
N-E.4 
-2 

2.97 
5.90 
2.57 

A:? 
3.66 

I.8 
-1 
-1.1 

1.4 
1.3 
1.6 
2.3 

-1 
1.2 

that R values below 1 are obtained, i.e., the free phenol has a shorter retention time 
than the correspondin, 0 TMS ether (see Table III). R values below 1 are unusual 
outside this group of phenols, the only other compound found in this investigation 
with such an R value is 2-chloro-GmethylphenoL 

The functional groups which cause an R value below 1 when located at the 
or&-position are formyl, acetyl, ester and nitro groups. Judging from the R values, 
formyi.and nitro groups form stronger hydrogen bonds than the other groups men- 
tioned. A methoxy group in the o&a-position gives a remarkably constant R value 
of about 1.5, which is affected by neither the type of group present in- the para- 
position nor the temperature. EIowever, a hydrogen-bond-forming group at the 
other or&o-position can change the R value, as with 6-formyl-2-methoxyphenol. As 
the R value for this compound is below 1, it shows the expected hydrogen-bond- 
forming predominance of the formyl group over the methoxy group. Surprisingly, 
2,6_dimethoxyphenol has ~EI R value of 2.3. 

For phenols containing forxnyl, acetyl or nitro moups at the nze~a- or pura- 

positions, the R values are considerably greater than when the same functional groups 
are in the or&o-position. Thus, the two kinds of phenols can be readily distinguished. 
In Fig, 1, the ranges of R values for different types of phenols are~shown; these ranges 

are based on the compounds investigated in this work and may be changed when 
more compounds are included. 
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ADJUSTED RETENTION TIMES AND RETENTION-TIME RATiOS (R) FOR PHENOLS 
WITH VARIOUS OXYGEN-CONTAINING SUBSTlTUENTS 

Substituenr Temperate 

(“Cl 

Retention time (ndn) R 

bhenoi TMS ether 

Non-or&o-substituted 
4-Methoxy 150 
GFormyl 150 
4-Acetyi 150 
3-Formyl 200 
CFOMlYl 200 
4-Acetyl 200 
4-Propionyl _ 200 
3-NilTO 200 
4-Nitro 200 

Mono-o&o-substitured 
ZMethoxy 150 
tMethoxy4methyl 150 
CAllyl-2-methoxy 150 
4-Ethoxymethyl-2-methoxy 150 
CFormyl-2-methoxy 150 
4-Acetyl-2-methoxy 150 
ZFormyI 150 
ZAcetyl 150 
Zkobutoxycarbonyl 150 
2-Phenoxycarbonyl 150 
2-Nitro 150 
4-Formyl-2-methoxy 200 
4-Acetyl-2-methoxy 200 
2-LMethoxy-S-nitro 200 
2-Phenoxyczrbonyi 200 

Di-ortho-substituted 
2,6-Dimethoxy 150 
dFormy I-2-methoxy 1.50 
6-Fonnyl-Z-methoxy 200 

9.4 2.2 4.3 
55.3 6.0 9.2 
72.6 9.3 7.8 
4.15 0.83 5.0 
6.40 1.10 5.8 
7-77 1.52 5.1 
9.45 1.85 5.1 

11.2 1.46 7.7 
18.0 224 8.0 

2.05 1.47 1.4 
3.13 2.11 1.5 
6.40 4.15 1.5 

11.9 7.95 
20.5 13.6 ::: 
28.2 19.4 1.5 

1_4a 4.63 0.32 
274 5.20 0.53 
5.32 8.80 0.60 

33.2 61.8 0.54 
2.42 7.33 0.33 
3.11 2.05 1.5 
3.98 2.64 1.5 

10.8 4.70 2.3 
4.41 6.38 0.69 

9.31 3.96 2.4 
7.65 13.6 0.56 
1.44 2.G4 0.71 

R values measured at ZOO”. Some of the phenols investigated had inconveniently 
long retention times at 150”; these were chromatographed at 2OO”, and a few were 
chromatographed at both temperatures. The compounds studied at 200” were limited, 
and no general conclusions can be drawn from the results. For non--o&c- and mono- 
orrho-substituted alkylphenols, the R values are lower at 200’ than at 150” (see 
Table I). Au exception to this is constituted by l- aud 2-naphthols, undoubtedly 
because the substituent in this instance is fused to the parent phenol. No measure- 
ments were made at 200” for di-ortho-substituted alkylphenols; however, it is reason- 
able to assume that the R values for this group are also lower at 200” than at 1XP 
It is concluded that the R value limits previously mentioned for the three types of 
alkylphenols and based on measurements at 150” are not applicable to values ob- 
tained at 200”. The R values at 200” given in Table I should, however, afford some 
guidance for the structural assignment of alkylphenols at this temperature. 

Only one chlorophenol, viz., 2,3,4,5,6qentachloro$henol, “s examined at 
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Mono- and di-c&w 
I I 

I 
Noo-ortflo 

t 

My!+ and di-qrtho I 
Non-ntho 

4 

1 
Fhends with tiaus 
oxp+-i-containing 
substituents 

t Halophenols 

Fig 1. Ranges of R values for phenols, valid at 150”. 

200” (see Table II); the R value (3.5) was higher than for 2$-dichloro-substitute.d 
phenols run at 150”. This is probably another example of the R value being increased 
by chlorine atoms in the meta- and para-positions. However, the phenol in question 
can still be recognized as being either mono- or di-orfhu-substituted, as non-o&o- 
substituted halophenols have R values above 5.4 2t 150’. 

For phenols with oxygen-containing functional groups, the difference between 
R values at 200” and 150” seems to be less than for the previously discussed types of 
phenols (see Table III). For two 2-methoxy-substituted phenols, the R values at 200” 
are exactly the same (1.5) as the value found for this type of phenol at 150”. The 
higher value for 2-methoxy-Snitrophenol at 200” (2.3) is most likely due to the 
presence of the nitro-group (c$ 3-nitro- and Cnitrophenol). 

Alcohols 
Aliphatic alcohols. To judge from the R values in Table IV, the three main 

groups of alcohols (primary, secondary and tertiary) can generally be separated on 
the basis of these values. There is certainly an overlap between the first two groups 
for the three lowest-boiling primary alcohols (which, however, can be recognized 
from the short retention times of their TlMS ethers). If these three alcohols are ex- 
cluded, the R values for primary alcohols are at least 2.3, those for secondary alcohols 
are between 1.7 and 2.2, and those for tertiary alcohols are less than 1.7 (the values 
for the two tertiary alcohols investigated were 1.4). The two alicyclic alcohols tested 
(cyclopentanol and cyclohexanol) each have R values corresponding to primary 
alcohols (2.4). 

Aromatic alcohols. Tne compounds studied in this group are divided into 
primary, secondary and tertiary alcohols, and the compounds within each group are 
arranged according to the position of the aromatic group in relation to the hydroxy- 
group (a;, fi or 7, see Table V). 

As aromatic alcohols can be distinguished from aliphatic ones on the basis of 
their W absorption, there is no risk of confusion between the two groups. According- 
ly, a comparison of R values can be con&red to the three types of aromatic alcohols 
and their cr-, /I- and y-isomers_ 

The primary alcohols investigated have R values between 2.1 and 2.5 and the 
values show no dependence on the position of the aromatic group. Q-Substituted 
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ADJUSTED REXENTION TIMES AND RETENTION-TIME RATIOS (R) FOR ALIPHATIC 
AND ALXCYCLIC ALCOHOLS 
All experiments were nzade at 7.5”. 

COlRpOd Retention time (min) R 

Alcohol T..S ether 

Prihrary alcokols 

Methauoi 
Ethanol 
PrGparzol 
Butanol 
Zhfethylpropanol 
Pentanol 
Z-Methylbutanol 
3-Methylbutanol 
Hexanoi 
2-Metbylpntanol 
Z-Ethylbutznol 
Heptano! 

Seconrihry aicakois 
Propanof-2 
Butanol-2 
Pentanol-2 
Pentanol-3 
3-hfeibylpeutand-2 
4-hfethylpentanol-2 
3,3-DirnetbyIbutauol-2 

Tertiaty alcohols 
Zhletbylpropanol-2 
2-hkthylbutanoI-2 
Alizyclic alcohols 
cyc10pentan0: 
Cyclohexanol 

1.00 0.59 1.7 
1.38 0.74 1.9 
223 1X6 2.1 
4.59 1.99 2.3 
3.27 1.38 24 
9.18 3.78 2.4 

7.12 2.68 2.7 
7.21 2.84 2.5 

18-3 7-25 2.5 
13.4 4.65 2.9 
14.3 4.73 3.0 
35.9 13.8 2.6 

1.21 0.70 1.7 
2.40 1.42 1.7 
4.61 236 20 
4.40 2.54 1.7 
8.24 3.78 2.2 
6.76 3.23 
5.32 2.68 5:: 

: -24 0.90 1.4 
2.70 1.97 1.4 

11.3 4.68 2.4 
22.2 9.37 2.4 

secondary aromatic alcohols hzve I? values (2.6-2.9) higher than those for primary 
aromatic alcohols (2.1-29, and the R value for the only secondary p-isomer tested 
was 2.1. Of the tertiary aromatic alcohols, only one a-isomer and one /l-isomer were 
studied; the former had an R value of 3.4 and the latter one of 1.5. 

There is a distinct difference in R value between CL- and /3-isomers of secondary 
and tertiary alcohols, respectively_ As seen from Table V, the difference is primariiy 
caused by a considerable divergence in retention time between the TMS derivatives of 
the (I- and @-forms. This somewhat unexpected result co-uld be due to a blocking 
(in the a-isomer) of the aromatic ring by the TMS group, so preventing the ring from 
can&g into contact with polar sites in the stationary phase. 

It is concluded that there are certain possibilities for distinguishing -between 
primary, secondary atid tertiary aromatic alcohols on the basis of their R values 
(except for fisnbstituted secondary alcohols, which fzli in the primary group). It 
should also be possible to decide the position of the aroniatic group (a: or p) for 
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TABLEV 

111 

ADJUSTED RETENTION TIMES AN3 RETENTION-TIME RATIOS (R) FOR AROMATIC 
ALCOHOLS 
All expeknents w+re made at 150”. 

Primary alcohols 
Benzyl aicohol 
u-Methoxyhenzyl zlcohoi 
pMethoxyhenzy1 alcohol 
2-Phenylethanol 
3-Phenylpropanol 
3-PhenyIprop-2-enof 

Sero&uy akohok 1, 
I-Pheny yfethanol 
I-Phenylpropanol 
1-pToWethanol ’ 
I-Phenylpropanol-2 

Tffcfary ukohc3ls 
2-Phenylpropanol-2 
2-Methyl-1-phenylpropanol-2 

Positiotz of hy&oxyi Rerention time (m&c) R 
group in rehzfion 
to aromatic group Aicdiil TMS ether 

=- - 

a 2.85 1.37 21 
cc 8.48 3.76 2.3 

8” 11.4 3.26 4.97 I.40 2.3 2.3 
Y 5.39 2.18 2.5 
Y 9.91 4.33 2.3 

a 2.41 0.93 2.6 
a: 3.40 1.18 2.9 

3.47 1.27 2.7 
3.84 1.82 2.1 

8” 
3.58 1.05 3.4 
4.01 2.68 1.5 

secondary and tertiary alcohols. Nowever, as ,%substituted secondary alcohols mix 
with primary, their secondary nature must be established by some other means. 

Resolution of mixtures of hydroxy compounds on XE-60 stationary phase 
So far, application of silylation in the structural investigation of hydroxy 

compounds has been discussed. Another valuable use of silylation is for the resolution 
of mixtures of hydroxy compounds on XE-60 stationary phase. An inspection of the 
retention times in Tables I-V for phenols and alcohols reveals that many_ mixtures of 
these compounds that are not resolved when chromatographed on XE-60 can be 
separated on this phase after transformation into TMS ethers. This is demonstrated 
in Table VI for some mixtures of phenols (mostly alkylphenols) and alcohols. Com- 
mon to the seven mixtures of alkylphenols is that the compounds comprising the 
individual mixtures belong to different R-value groups. For alkylpfienols, the R-value 
groups are constituted by non-or&o-, mono-or&o- and di-ortho-substituted com- 
pounds. If the compounds in a non-resolved mixture of alkylphenols belong to the 
same R-value group, the effect of silylation on the resolution is generally slight (see, 
for example, the retention values of 3-ethyl-, &ethyl- and 3,5dimethylphenol and, 
further, 2,4- and 2,54imethylphenol in Table I)_ Neither of these mixtures will be 
resolved after silylation. Silylation has previously been employed by Langer et aL3 
and Freedman and CharlierS to reduce tailing and improve the separation of alkyl- 
phenols in-a tar-acid mixture. 

Results for three mixtures of phenols with substituents capable of forming 
internal hydrogen bonds when situated or&o to the hydroxyl group are also shown in 
Table VI_ The retention values of the second mixture illustrate the great e&ct on 
resolution that silylation can cause for this type of phenol. Thus, while the relation- 



Phefds (temperahre~I_W)“) 
Plmiol 
2.6-Dimethyl 
4-M&y1 
z4,6-Trimethyl 
3,4-Dimethyl 
2,4,5-Trimethyl 
26Dkllyl 
2-Isopropyl 
tMethyld_propyl 
2,3-Dimethyl 
2,6-Di-isopropyl 
2,5-Dime-zyi 
dAllyI-2metlty1 
2-terr.-Btityl4methyl 
2,3,5,6-Tetrametbyl 
4-Methoxy 
2,,dDimethoxy 
4-ACetyi 
6-Fomayl-2-methoxy 
3-Niti0 
bMct&y-5-nitro 

AiwfwIs (temperature 75’;1 
Br;tanol 
Pexltalol-2 
Propanol-2 
2-Methylpropanol-2 

2.46 0.57 Non-ortho 

2.42 I 24 Di-oitb 

3.39 0.81 Non-ortho 
3.35 1.71 Di-ortho 

5.80 1.30 Non-or&o 
5.92 1.63 MonwriRo 
5.95 3.90 Di-orthu 
4.06 1.01 Monwrtho 
4.13 2.03 D&or& 

4.59 1.30 Monwrt.!w 
4.63 1.81 Di-orfho 

3.74 1.05 Mono-ortho 
3.71 2.24 Di-ortho 
6.71 2.01 Monwrrho 
6.68 3.27 D&o&o 
9.4 2.2 Non-or&o 

9.31 396 Di-ortho 
7.77 1.52 Non-ortho 
7.65 13.6 Di-ortho 

11.2 1.46 Non-ortho 
10.8 4.70 Monwrtho 

4.59 139 primary 
4.61 2.36 Secondary 
1.21 0.70 secondary 
1.24 0.90 Tertiary 

ship between the retention times for the free phenols is 0.99, the corresponding 
relationship for the TMS e’chers is 9.0. 

Table VI also shows results for some mixtures of alcohols that are resolved 
on XE-60 only gfter silylation; like the alkylphenols, the compounds forming these 
mixtures belong to difYFerent &value groups, Le., they-are either primary, secondary 
or $e_tiary alcohols. 

The ratio (32) between the adjusted retention times for a phenol or alcohol 
and its TMS ether is of value in the structural investigation of these types of hydroxy 
compounds. ‘Thus, alkyiphenols can be placed into one of three groups, vr;Z., non- 
-ortho-, mono-urtho- or di-ortho-substituted compounds, on the ba& of their R vahxes; 
some information can also be obtained about a&y1 groups &the meia- and para- 
pggg 

Raro$ienok can be diiirded fnto two groqjs 0nXhe i&is& of then R vahks, 
I&C., non-or&u-substituted on one h&d and mono- and- di-~r&-substitute~Z on the . .- _ 

.- 
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other_ ~Sev&l phenols with oxygen-containing functional groups were also investi- 
gated; those with formyf, acetyl, qster and nitro groups in the or&o-position can be 
recognized from-the fact that they have R vafues below I. It was also found that many 
methoxyphe~&s had an R v&e near 1.5: 

Aliphatic alcohols,‘ with the exception- of the three lowest-boiling primary 
z&oh&, canbe separated into primay, secondary and tertiary alcohols on the basis 

of their R values; the same appears to be possible for aromatic alcohols, with ce_tiin 
exceptions. $niIarIy, the R vaIue is a usecul aid to decisions about the position of 
the aromatic group in relation to the hydroxyl group. 

fn addition, silylsrtion is of vafue for the resolution of certain mixtures of 
hydroxy compounds that are difiicult to separate as such by gas chromatography. 
It would seem-that, for successful separation after silylation, the phenols or alcohols 
comprising the mixture should belong to different R-value groups. PartictiIy Iarge 
separation e&cts are obtained for phenoIs with substituents capabie of forming 
iptemal hydrogen bonds to the hydroxyt group when situated in a position ortlro to 
this group. 
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