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SUMMARY 

The separation of the products from the chloriuation of et&me by temperature- 
programmed gas chromatography on a packed column was studied. The gas chroma, 
tographic behaviour of all nine possible components (from ethyl chloride to hexa- 
chloroethane) was characterized by -the retention indices on the following stationary 
phases: OV-101, Halocarbon K-352, SE-30, OV-17, methyl phenyl silicone oil 
MFSD-5, SP-2340 and &?‘-oxydipropiouitrile. 

Quantitative analysis was accomplished with a flame-ionization detector, for 
which the correction factors of the chlorinated ethanes were determined. 

INT?ZODUCHON 

Chlorinated hydrocarbons are important as solvents, raw materials and inter- 
mediates for organic synthesis and in special applications (e.g., as insecticides). 

In general, the products of chlorination consist of several chlorinated hydro- 
carbons and often include positional isomers; other compounds such as hydrogen 
chloride and chlorine are usually removed before analysis. So far as we know, the 
gas chromatography of all nine possible chloroethanes has not been investigated. The 
most complete study was the work of Balandina and Subbotinl, who described the 
separation of eight chloroethanes (i.e., except hexachloroethane) on trioresyl phos- 
phate. Six chloroothanes were separated on SE-30 by Hinshawl, higher chlorinated 
ethanes (from tri- to hexachloroethane) by Solomons and Rat&I? and less 
chlorinated ethanes by Mamedov eb ai.’ and Kosorotov and~KolesnZenko5. 

Various combinations of chloroethanes have been separated on a number of 
stationary phases: non- or-weakly polar squala.ne6*‘, parat% oil&=, Apiezon L5.8*1J, 
HalocarborP and silicone oils or elastomers2~*7.11.‘6-21, polar @kyl phthal- 
a~4.U.16.1’~XWZ,~ aryl phosphates *~4-8~21--s, Carbowax 4OW and .20Ms*“, poly- 
ethylene glyel adipat&r’*q &?‘-o@ipropionitrile (&p-ODPN)4*26 and Porapal-v. 

L The most frequently used detectors m the chromatography of chloroethanes 
are the thermal Conductivity detector- ~CD)~-s*7~8*r1.13.16~2~~~~27,~ and the flame- 
ionization detector (FIDY *6*14J5*21-24-s. The advantages of the gas density balance 
(GDB) were cor&rmed even for these compo&W5 (predictable response, non-- 
specificity, linearity and sufEcient sensitivity). A combination of an PID with a 
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thermionic detector (TID), which is more specific for chlorinated compounds, was 
also used for chloroalkaneslq. The detection of chlorinated compounds by means of 
an electron-capture detector (ECD) is well known. Combinations of different types 
of detectors are to be preferred as additional information is provided. The different 
responses depend on the physico-chemical properties which are exploited for the 
detection, e.g., an increasing number of chlorine atoms in a molecule causes an 
increase in the response of the TCD, GDB and ECD and a decrease in that of the FID. 

From the published data, the following problems emerge: the overlapping of 
the peaks of l,l,l-trichloroethane and 1,2_dichloroethane on non-polar stationary 
phases, and of l,l-dichloroethane and l,l,l-trichloroethane on polar phases. This 
paper presents the results of the gas chromatography of all nine chloroethaues on 
seven various stationary phases. Owing to the large diierences in the volatilities of 
these compounds, temperature-programmed gas chromatography was employed. 
Detection was accomplished with an FID. 

EXE’ERIMEF4TA.L 

A Packard Model 7409 gas chromatograph equipped with a double FID and 
a temperature programmer was used. Glass columns (2 m x 3 mm I.D.) were used 
with the following column packings: 

(1) 5% MFSDJ (VrsOS, Rybitvi, Czechoslovakia) on Supelcoport (SO-100 
mesh) ‘(Supelco, Bellefonte, Pa., U.S.A.); 

(2) 5 % Halocarbon K-352 (Supelco) on Supelcoport (SO-100 mesh); 
(3) 3% OV-17 (Serva, Heidelberg, G.F.R.) on Chromosorb W HP (100-120 

mesh) (Serva); 
(4) 5 % OV-101 (Serva) on Supelcoport (80-100 mesh); 
(5) 5 % SP-2340 (Supelco) on Supelcoport (SO-100 mesh); 
(6) 3 % SE-30 (Becker, Delft, The Netherlands) on Chromaton N-AW-DMCS 

(100-120 mesh) (Lachema, Bmo, Czechoslovakia); 
(7) 5 % /I$‘-ODPN (Becker) on Supelcoport (SO-100 mesh); 
(8) 10% Squalane (Becker) on Chromaton N-AW-DMCS (80-100 mesh). 
The following chemicals were employed: ethyl chloride (Synthesia, Kolin, 

Czechoslovakia), 1, l-dichloroethane (Spolana, Neratovice, Czechoslovakia), 1, 1, l- 
trichlorocthane (Dow Chem., Midland, Mich., U.S.A.), 1,2-dichloroethane (Spolana), 
1,1,2-trichloroetbane (Spolaua), pentachloroethane (Spolana). 1,1,2,2-tetrachloro- 
ethane (Chemie, Apolda, G.D.R.), 1,1,1,2-tetrachloroethane (UVVVR, Prague, 
Czechoslovakia), hexachloroethane @VVVR) and C&,, n-alkanes (VSCHT, Prague, 
Czechoslovakia). 

The chromatographic behaviour of the chloroethanes was characterized by 
their relative retention temperatures (RRT) (relative to n-octane). Several rates of 
temperature increase were examined and go/mm was found to be optimal. The initial 
temperature was usually 40”, except for the Halocarbon K-352 column (50”) and the 
/3,$-ODPN column (30” and a rate of S”/min). The carrier gas (argon) flow-rate was 
30 ml/d except for the &l’-ODPN column (50 rnl/min). The retention index, I,, for 
chloroethane (x) was found by interpolation from 

r, =- RT, - rw, n+ 100-RT 
I¶+1 - RT,, 
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where the retention temperatures. RT, of n and n + 1 alkanes and chloroethane, x, 
are RT, < RI?-‘, < RT,,,. 

Correction factors, F,, were calculated from the expression 

F,= GxASTD 
GTD Ax 

where G, and GslD are the amount of chloroethane and of n-octane used as the 
internal standard, respectively, and A, and A sTD are the peak areas of chlorocthane 
and the internal standard, respectively_ Peak areas were measured by triangulation 
with a high chart speed. In all instances, the chromatograms were recorded at the 
same sensitivity in order to eliminate any errors due to the attenuator switching. 

RESULTS AND DISCUSSION 

The chromatographic behaviour of all nine possible products of ethane 
chlorination (from ethyl chloride to hexachloroethane) was studied on the following 
stationary phases, with different polarities: OV-101, SE-3@, K-352,OV-17, MFSD-5, 
SP-2340 and &/I’-ODPN. The retention temperatures and relative retention tempera- 
tures on the various stationary phases are given in Table 1. The differences in the 
retention characteristics of the chloroethanes on these stationary phases depend 
mainly on the volatility and polarity of the chloroethane molecule, as well as on the 
polarity of the stationary phase. The difherences in the gas chromatographic behaviour 
of the individuai compounds on the stationary phases investigated are, however, 
more apparent from their retention indices given in Table II. The retention indices of 
chloroethanes are generally higher on a polar than for a non-polar stationary phase. 
From the retention indices shown it follows that the weak polar stationary phases 
(polysiloxanes) of the OV-17 type are the most suitable for the separation of the 
chioroethanes, which is demonstrated in Fig. 1. 

If a correlation between the retention data and certain physical parameters is 

TAB= I 

RETENTION TEMPERATURES (RT) AND RELATIVE RETENTION TEMPERATURES 
(RRT) OF CKLORO- ON VARIOUS STATIONARY PHASES 

COWlpOund K-352 SE-30 ov-101 0 v=17 MFSD-5 SP-2340 

RT RRTRT RRTRT RRTRT RRTRT RRTRT RRT 

PC) (“Cl P-2 /“CT (“Cl PC) 
Ethyl chloride 65.0 0.63 45.0 0.65 53.0 0.89 54.0 0.69 56.0 0.64 56.0 0.83 
1, 1-Dichloroethane 72.0 0.70 47.7 0.68 54.3 0.92 61.7 0.79 67.0 0.77 74.3 1.10 
l,l,l-Trichloroethane 78.7 0.77 52.0 0.75 55.3 0.93 67.0 0.86 74.0 0.85 74.3 1.10 
1.2-Dichloroethane 78.7 0.77 52.0 0.75 55.3 0.93 72.3 0.92 &X0 092 97.7 1.44 
1,1,2-Tric~oroet 94.0 0.92 62.7 0.91 59.0 0.99 94.0 1.20 102.0 1.17 123.0 1.82 
n-octane 102.7 1.00 69.0 1.00 59.3 1.00 78.3 1.00 87.0 1.00 67.7 1.00 
1,1,1,2-Tetrachloroethane 107.8 1.05 73.1 1.06 63.5 1.07 ,10X7 1.35 115.3 1.33 121.2 1.79 
l&&2-Tetrkbloroethane 117.0 1.14 82.0 1.19 67.0 1.13 121.7 lS5 131.0 151 154.0 2.27 
Penfachloroethane 131.7 1.28 94.0 1.36 75.5 1.27 130.3 1.66 141.0 1.62 142.0 2.10 
Hexachloroethane 153.0 1.49 110.4 1.60 83.0 1.40 145.6 1.86 150.7 1.73 140.1 2.07 
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BOILING POINTS (b.p.), CORRECXION FACTORS (l=l) AND RETENiON INDICES OF 
cI!zuxcw- 

COZlpJUJtd Remftbn idex 

b-p. F, SE-30 OV-IOi K-352 OV-17 SP-234B MFSD-5 @& 

(“Cl ODFN 

Ethyl chloride 13.1 
l,l-Dichloroethane 57.0 
l,l,l-Trichloroethane 74.0 
lJ-DichloIxMhane 84.0 
l&Z-Trichloroethane 113.0 
n-Octane 125.5 
1,1,1,2-Tetrachloroethme 129.5 
1,1,2&Tetrachloroethane 146.0 
Pentachloroethane 162.0 
Hexachloroethane 186.0 

. 

- - 
3.51 - 
4.46 628.6 
3.23 628.6 
4.18 747.5 
1.00 SOO_O 
- 827.2 
5.58 888.4 
5.62 963.2 
- 1057.8 

- 
6oo.O 
660.0 
660.0 
790.0 
SOO_O 
870.0 
922.1 

1025.0 
1100.0 

- 
- 
631.6 
631.6 
745.6 
800.0 
829.5 
882.7 
965.0 

1088.2 

iS8.8 
715.0 
754.9 
898.1 
go(p_O 
959.4 

1051.1 
1100.0 
1176.5 

- - 
879.5 650.0 
879.5 7333 

1077.6 753.3 
1275.6 8S8.2 
800.0 soO.0 

1261.0 959.5 
1535.4 1047.4 
1429.2 1100.0 
14124 1230_6 

- 
842.9 
828.6 

1042.9 
- 

. ’ 800.0 
- 
- 
- 
- 

established, it could facilitate the identification of unknown substances. An approxi- 
mately linear correlation between the retention index for non-polar or slightly polar 
stationary phases and the boiling point is shown in Fig. 2. The increments of the 
retention indices of l,l,l-trichloro-, penta- and hexachloroethanes decrease with 
increasing polarity of the stationary phase, contrary to 1,2-dichloro-, 1,1,24richloro- 
and 1,1,2,2-tetrachloroethane, for which the retention index increases. 

In contrast to non-polar and weakly polar stationary phases, the plotted points 

Fig. 1. Tempemtwe programmed gas chromatography of chloroethanes on an OV-17 column. 
EtCl = ethyl chloride; 11 = l,l-dichloroethane; 111 = l,l,l-trichl~ke~oethene; 12 = I,2-&~hbro- 
ethimqna = n-ocwne (internal standard); 112 = l,l&tricM oroetbne; 1112 = l,l,l~-tetrachl&o- 
ethane; 1122 = 1,1,2&tetrach1oroethaue; P = pentachloroethme;~ H = hexachloxae&ane. 
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Fig. 2. Correktion betwee~~ the retention index measured with columns of different po-tity and the 
boiling point of chloraethau~ (l,l-dichlor~~~e~~oroethane). 

deviate from a linear correlation for the strongiy polar SP-2340 phase. Ou the non- 
polar Kalocarbon K-352, OV-101 and SE-30, the retention of 1,1-dichloroethane is 
less than that of 1,2-dichloroethane and l,l,l-trichloroetha, for which retention 
times are equal. On the other hand, on the polar statiouary phase SP-2340 l;l-di- 
chloroethane and l,l,l-trichloroethaue are not separated and have low&r retentions 
than 1,24ichloroethaue. Fiually, on the strongly polar /?,#?-ODPN the retention of 
l,l,l-trichloroethaue is lower than that of l,l- and 1,2dichloroethanes (Table II). 
Similar behaviout of the chloroethanes on polar stationary phases was reported by 
Urone tit aL8, Mamedov et aL4 and Baladina and Subbotinl and on non-polar station- 
ary phases by Uroue et aLg and Kosorotov and Kolesnii%nkos. 

In a similar manner to the Rohrschueider characterization of stationary 
phases, the influence of the polarity of the stationary phase on the retention indices 
of chtoroethanes was investigated. To compare the polarities, the increase in the 
retention index of 1.1.22~tetrachloro&haue obtained with any polar stationary phase 
in comparison with that obtaiued with a non-polar statiouary phase (Squalane) is 
given as follows’ : 

Then the value of dllz<cEIc1~~c12~ obtained with a given stationary phase is presumed to 
indicate its polity. The izhence of the polarity of the stationary phase on the 
rete~~tion index is demonstrated in Fig. 3. As the retention indices on a new stationary 
phz?secanbepredictedbymeasurin g the retention iudex of 1,1,2,2-tetrachloroethane 
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on. a particular sratiouary phase, riie re~ariousbip iikuratcd ti Fig. 3 appeaCt0 be 
very useful for the selection of new stationary phases and for identification purposes. 
It is evident that this relationship is not a simple function of one molecular property, 
and the influences of molecular weight, volatility, the polarity and polarixability of the 
molecule and stcric effkcts must be taken into account. 
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Fig. 3. InfI- of the polarity of the stationary phase [measured a~dl~~~~~~~,~,] on the retention 
hdex of &Ioroethanes (l,l-dichIoroethane-hexachIoroethaue)_ 

The selection of a stationary phase is also restricted by the lower and upper 
temperature limits. For instance, EGSS-X could not be used for lower chloroethanes 
because of its lower temperature limit of 90”; on the other hand, #$I’-ODPN, the 
upper temperature lit of which is 70”, is not suitable for more highly chlorinated 
ethanes. 

The correction factors for chloroethanes are given in Table II. As expected, 
the FID response decreases as the degree of chlorination increase s. The correction 
factor for an FID is a complicated function of the operating conditions (carrier gas, 
hydrogen and air flow-rates and temperature), which must therefore be maintained 
constant in all analyses. 

CONCLUSIONS 

Temperature-programmed gas chromatography on weakly polar stationary 
phases of the OV-17 type is convenient for the analysis of chlorinated ethanes, for 
which a linear correlation between retention index and boiling p&t w& found. The 
results obtained on stationary phases of different polarity could possibly be used for 
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identikation purposes. The chromatographic behaviour of chloroethanes is in- 
fluenced by several factors (molecular weight, volatility, polarity and polarizibility of 
the molecule). For quantitative analysis an FID can be used, the response of which 
decreases with increasing degree of chlorination. 
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