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SUMMARY 

A novel type of stationary phase acting in the capacity of both a solvent and an 
adsorbant is reported here. The advantages of this phase over other stationary phases 
discussed in the literature as suitable for the separation of two, closely boiling C,H,, 
isomers of interest are considered. 

During the kinetic study of the gas-phase pyrolysis of neopentyl chloride798 it 
became necessary to analyse by gas chromatography the reaction products which 
included methane, methyl chloride, isobutene, I-chloro-2-methylpropene, I,I-di- 
methylcyclopropane and the three isomeric methylbutenes. A slight excess of gaseous 
ammonia was added to the reaction system prior to collection of samples to remove 
the hydrogen chloride eliminated from neopentyl chloride in order to prevent it from 
combining with the secondary and tertiary olefins produced in the pyrolysiss. Because 
of the presence of ammonia, the columns chosen for the analysis had to be resistant to 
prolonged exposure to ammonia. 

Separation of the low boiling products and the isomeric methylbutenes was 
readily achieved on a squalane column, but separation of 3-methylbut-r-ene from 
I, z-dimethylcyclopropane was very poor. The following stationary phases have been 
reported as .suitable for the chromatographic separation of these two substances: 
z,g-hexadione in series with a short column of silver nitrate in ethylene glyco13-6, 

i dimethylsulpholanefi, tetramethylsilaneO, and dioctyl phthalateO. Of these, only the 
‘! first stationary phase gave satisfactory performance while tetramethylsilane was only 
! fair. When an ethyl acetoacetate*/silver nitrate in ethylene glycol column, similar to 
that reported by FREY~ was used (in.series with a short diglycerol precolullln to, remove 
excess ammonia from the sample) under equivalent operating conditions, 3-methyl- 

* Since - ,,g-hexadione was not readily available to us, ethyl acetoacctatc was used instead. 
A later~chcclr confirmed that the two materials give identical separation of the compounds in 
question. 
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but-I-ene could be separated from I, I-dimethylcyclopropane but its peak exhibited 
extensive “tailing” to an extent dependent upon the concentration of the olefin. 
Similar “tailing” was noted in the case of isobutenc a:.ld 2-methylbut-I-ene, but not 
with 2-methylbut-z-enc. Activated alumina, poisoned with 2 O/O w/w paraffin oil, when 
tested for the separation of the C, isomers was found to give adequate results with 
almost symmetrical peaks, but retention times were not reproducible and increased 
markedly with the aging of the column. 

A I : I mixture of silicone grease/silicone oil as a stationary phase on Celite gave 
excellent separation of 3-methylbut-I-ene from I,I-dimethylcyclopropane yielding 
symmetrical peaks for 3-methylbut-I-ene, isobutene and 2-methylbut-I-enc. This 
mixed phase was also found capable of efficient separation of some other hydrocarbons 
from the corresponding olefins, better than the separation on silicone grease alone, 
reported by AVERILL AND ETTRIS~, but not as good as that reported by FREY~ on 23 
hesadione. 

EXPERIMENTAL 

Statio9zary j!dzases 
Squalane, ethyl acetoacetate* and diglycerol were of commercial origin. The 

alumina was of chromatographic grade (B.D.H.). The other materials used were: 
Silicone Oil SFg6 (1000 centistokes) from General Electric, high vacuum silicone 
grease and silicone fluid 200 ( IOOO centistokes) from Dow Corning, Atpet 80 and Tween 
20 (Atlas Powder Co.) and Alkaterge T (Commercial Solvents Corp.). The silver nitrate 
solution in ethylene glycol was prepared by leaving an excess of silver nitrate crystals 
in contact with ethylene glycol for one wee1 c, the rnisture being shaken occasionally. 

The columns were constructed of aluminium tubing 3/1a in. external diameter 
(l/s in. internal diameter). The stationary phase was deposited by the usual “slurry” 
technique onto Celite 545 (100-120 mesh BSS). The Celite used for the squalane and 
silicone grease/silicone oil column was dry-sil treated. 

The squalane column (4 ft.) was prepared with 20% w/w squalane plus I o/o w/w 
Tween 20 as a “tailing reducer”**. The ethyl acetoacetate column (IO ft.) was prepared 
with 20% w/w of ethyl acetoacetate*** and was followed by a silver nitrate/ethylene 
glycol column (1.8 ft.) with ZOO/~ w/w stationary phase. The silicone grease/silicone 
oil column (12 ft.) was prepared with 5 o/o w/w silicone grease and 5 O/,! w/w Silicone 

l See footnote, p, I. 

** Control expcrimcnts have shown that peak “tailing” is greatly rccluced in the presence 
of Tween 20 in the case of the squalane column and with a mixture of Atpet So and Allcaterge T 
in the case of the silicone grease/silicone oil column. 

*** A recent check in our laboratory, after this study was completed, on the performance 
of a 2,5-hexadione/silver nitrate series column revealed that peak “tailing” can be practically 
eliminated if the support material (Le., Celite 545) used in the preparation of both sections of the 
column is carefully deactivated by silanising with dichlorodimctliylsilane. FREY'S result+ are 
readily reproduced on a column of n,g-hexadione (I 2 ft.) followed by a silver nitrate/ethylene 
glycol column (I .5 ft.), each made up with 20 y. w/w of stationary phase on treated Celite. A chro- ” 
matopam of the separation on this column is not shown here because the analysis was carried :’ 
out with a different instrument and with slightly different operating conditions. Only the separa- 
tion of 3-methylbut-r -ene from I, I-dimethylcyclopropane and from the other two methylbutenes 
was examined. 
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Oil WC&, 0.3% w/w Atpet 80, and 0.1 o/o w/w Alkaterge T. In the case of the aceto- 
acetate column the ratio of the lengths of the acetoacetate/silver nitrate columns was 
found to be important, best results being observed with a ratio of 5.6/1, respectively, 
which is similar to that used by FREY~ (i.e., 8 : I). The ratio of the silicone grease to 
silicone oil was also found to be important with optimum results being observed with 
a I : I ratio of the mixed phases. Dow Corning Silicone Fluid 200, alone, gave similar 
separation as squalane, with negligible separation of 3-methylbut-I-ene from I,I- 

dimethylcyclopropane. 

PROCEDURE 

The gas chromatograph with an all-glass flame- onisation detector used for this 
study was built in the chemistry school workshop. The operating conditions are 
tabulated in Table I. Flow rates were measured with a soap bubble flow meter. Hydro- 

TABLE I 

OPERATING CONDITIONS FOR PLALIE-IONISATION CHROMATOGRAPH 

Spalane Et)92 acetoacetatel Silicone oil/ 
silvev nitvate silir;one gvease 

Nitrogen flow rate (ml/min)~ 22.9 f 0.2 20.0 & 0.2 161 * 0.2 

inlet pressure (cm I:Ig)lJ 37 GO 57 

Column tempcrsture (“C) 40.0 f 0.2 0.0 f 0.5 0.0 f 0.5 

a Air flow rate at 700 f 50 ml/min and hydrogen Aow rate at $3.5 -& 0.5 ml/min were 
constant for all columns. 

Ia Outlet pressure was atmospheric for all columns. 

carbon mixtures were prepared on a high vacuum line. Vapour samples of 0.1 to 2.0 ml 
were removed for analysis by means of a gas-tight syringe from a vapour reservoir 
(ca. go0 1111). 

RESULTS AND DISCUSSION 

Separation of neopentyl chloride pyrolysis products on the three columns 4s 
illustrated in Figs. 1-3. It is evident from Fig. I that the squalane column is only suit+ 
ble for separation of substances which differ considerably in their boiling points, the 
substances being eluted from the column according to their boiling points. The perfor- 
mance of the ethyl acetoacetate/silver nitrate column is shown in Fig. 2. Here the 
substances are separated according to their polarity, as well as their volatility. It is 
clearly unsatisfactory for quantitative analysis because of the extensive peak “tailing” 
mentioned previously (refer to footnote***, p. 2). Separation of the same substances on 
the silicone grease/silicone oil column, shown in Fig. 3, indicates that while this 
stationary phase behaves as a non-polar one, separation is superior to that on the 
squalane column. 

A likely explanation of the improved separation on this column is that the silica 
flour contained in the silicone grease acts as an adsorbent material, so that the niixed 

J. Chvomatog., 38 (rgG8), r-6 



4 J. S. SHAPIRO, M. I<. WITHERS 

Fig. I. Neopentyl chloride pyrolysis products on a squalane column. A = Methane; B = ethane/ 
ethylene ; C = methyl chloride ; 
enc; F = a-methylbut-a-ene; 

D = isobutene ; I3 = I, r -dimethylcyclopropane/3-methylbut- I - 

neopentyl chloride. 
G = a-methylbut-a-ene; I-I = 1 -chloro-z-methylpropcne ; J= 

statioriary phase has the dual character of both a partition column and an adsorption 
column. AVERILL AND ETTRE~ have first commented that the separation of light 
hydrocarbons on silicone grease can be attributed to the adsorptive-properties of the 

L I 1 L , 

6 6 4 2 

time (mln) 

Fig. 2. Neopentyl chloride pyrolysis products on an ethyl acetoacetate/silver nitrate column. 
A = Methane; 33 = .ethane/ethylenc; C = propane/propylene; D = methyl chloride; E = un- 
knoivn ; F = 
but-r-ene ; K 

isobutcne; G = x;r-dimcthylcyclopropane; I-I = 3-methylbut-r-ene; J = A-methyl- 
= a-methylbut-a-enc. 
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Fig. 3. Ncopcntyl chloride pyrolysis proclucts on silicone oil/silicone grcasc column. A = Methane; 
I3 = ethylene; C = cthanc; II 3 propylcnc; E = propane; F = methyl chloride; G = unknown; 
l-1 = isobutenc; J = ncopcntanc; K = unknown; L = 3-mcthylbut-r-cne; M = r, I-climethyl- 
cyclopropanc; N = unknown; 0 = a-mcthylbut-I-enc. 

silica flour present in the grease. Snxrl3-r~ has shown that the silica flour in silicone 
grease behaves as a strong adsorbent. Addition of small amounts of silicone fluid 
(7.2%) is reported by him to reduce the adsorptive activity of the inorganic silica 
flour. 

We added a much larger amount of silicone oil to the grease than SMITH to reduce 
the viscosity of the grease, and to diminish the magnitude of the liquid phase mass 
transfer term at the low temperatures used. Alkaterge T and Span 80 were added to 
act as “tailing” reducers as suggested by AVERILL~. 

The advantage of the silicone grease/silicone oil stationary phase over 3,5- 
hexadione/silver nitrate is that a single, short column performs equally well as the 
series column of the latter, thus resulting in a reduction of retention times. An added 
versatility of the mixed column is that it can be used with a temperature programming 
analysis of high boiling materials after separation of C,-C, hydrocarbons and o&ins 
is achieved at 0’. Since there is negligible loss of stationary phase which could contri- 
bute to a temperature-dependent background the use of this column is recommended 
if the eluted substances are to be trapped for the purpose of further identification by 
physical methods such as mass spectronletry or infra-red spectroscopy. This stationary 
phase is also more resistant to gradual poisoning by traces of moisture and ammonia 
than both ethyl acetoacetate (or z,5-hesadione)/silver nitrate, and alumina, and does 
not require a precolumn to remove moisture or ammonia from the sample. Indeed, no 
change in retention times has been observed after continued use of the column for over 
one year. In the case of the alumina column, the drift in retention time on aging, despite 
firecaution to eliminate traces of ammonia, suggests that atmospheric moisture may 
be the responsible factor. 
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