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‘ _'SUMMARY |

The separatxon of the 1sotoplc molecules Cst,—Cst and C,Hs—C,Ds is re-
rported. Reversed-phase liquid chromatography was used with a non-polar column
and water—methanol mixtures as solvent, and separation factors higher than in gas

~ chromatography were obtained. The operating conditions are examined and a proce-
) 'du.re for optnmzmg the resolution be‘Ween the two 1sotop1c peaks is described:

INTRODUCI'ION

Many lsotoplc molecules partxally or completely substituted thh deuterium
»atoms have been separated by gas chromatography By using high-efficiency capillary
columns or long packed columns, separations have been obtained for many isotopic
hydrocarboas by either gas-solid or gas-liquid chromatography. With the large num-
" ber of theoretical plates given by these columns, it has been possible to separate iso-
topic compounds also even when the dlﬁ'erences in the separation factors are very
] small"s o . .
' In this paper, we report some examples of separations of isotopes by high-
performance liquid chromatography, in order to demonstro.te that this techmque also
can be employed successfully in this field.
S We investigated the separations of benzene—deuterobenzene and toluene—
7 deuterotoluene, which had previously been achxeved by gas chromatography, in order
- to compare the results obtained. -

. We used reversed-phase hqmd chromatography by employmg a non-polar
. stationary phase and a very polar solvent. An octadecylsilane (ODS) Zipax column
- DuPont, Wilmington, Del., U.S.A.) 1 m X 1.2 mm LD., packed with a chemically
--bonded phase of 30-um s:lzca particles, was used. Measm'ements were carried out
-~ with a DuPont Model 830 hqmd chromatograph equipped with a UV detector (254
“nm), and with dlﬁ‘erent composmons of the mobxle phase (water—methanol) in the '
= temperatute range 20-50 °C. -

R The deute:ated compoxmds wete purchased from Mezck (Darmstadt, G. F.R )
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; and a l % solutxon in methanol of the deuterated compound ‘alone or. mixed with the -
_ corresponding non-deuterated compozmd was injected into the liquid chromatograph R
- The dead volume was measured from the small peak observed for methanol ass:.mmg =
“that under ‘the condmons used 1t is not retamed- Cro Tl '

» R_.SULTS AND DISCUSSION L

S Fxgs. 1 and 2 show examples of the chromatograms obtamed and the separa—v';
‘tions achieved with- CgHg—CeDs and- C7H8—C-D3. The’ deuterated molecules were
-eluted before the con:espondmo non—deuterated molecules, as’ was also observed in
" gas chromatography. R
' The resolution {(R) between two adJacent peak m thls mstance for two 1sotoplc
molecules, according to the relatlonshlp : :

a — l l . _ e . . E
T
‘depends on three parameters the number of theoretical platés of the column (#),
the separation factor (ratio of the corrected retention volumes, ) and the capamty
ratio (K”). The effect of these parameters will be discussed separately.
Tables I and II report the experimental values of these parameters together
with other chromatographic characieristics.
'The separation factor depends on the column temperature and on the types
of the stationary and mobile phases employed.. The best « values are- obr,amed for
" both of the isotopic systems studied, with a non-polar stationary phase and a very
polar solvent. As shown in Tables I and II, there is little effect due to the temperature
- or small variations in the concentration of methanol in water. t
By comparmo these « values with those prevmusly obtained by gas chromato-
graphy, a ““reversed’’ isotopic effect is observed in both instances. In gas chromatogra-
phy also, the best e values are obtained with a non-polar stationary phase (squalane)
Increasmg the polarity of the hqmd phase results in a decrease in a.
: In gas chromatography, a “normal” isotopic effect ca be- observed only at
- Very low temperatures; for example, with CH~CD, at — 120°C, the deuterated com-
pound is eluted first, but at —180°C the elutlon oraer is reversed : ,
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T&BLE i -~ -
CI{ROMATOGRAPEHC CBARACI‘ERISTICS FOR THE SEPARATION OF CiH.CeDs
T(°C;} Salvent Flow-rate 2’ (min} = « -~ K r 4

) e (mijmin} (CHgJ . ) {mm]

S0 H.O 0.83 -5.30 1.070 215 2490 040 045

20 H.O . 0.93 5.98 - 1072 276 1840 054 043

20 H.O - 048 11.10 1.077 255 215¢ 0.46 0.52

20 ‘H0- .
CH.OH (95:5) 0.80 5.60 1.068 2.54 1730 0.58 0.33
‘CH;OH {95:5) . 045 10.50 1.072 252 2640 0.38 0.44

In liguid chromatography, where it is possible to use two liguid phasss of very
different polarities, higher separation factors are obtained; as shown in Table I for
CeHeCsDs a = 1.070, whereas in gas chromatography with a squalane column at
20°C & = 1.059. As shown in Table II, for C;Hg-C;D; in liquid chromatography
« = 1.10, whereas in gas chromatography ¢ = 1.059. Consequently, by using high-
performance liquid chromatography, a required separation can be achieved with a
lower number of theoretical plates in a shorter time. The capacity ratio, X', is greatly
affected by the solvent composition and also by the column temperature. By increasing
the concentration of methanol in water or increasing the temperature, X' decreases
(see Tables I and II). By selecting the appropriate values for these parameters, it is
possible to obtain any required value. From eqn. 1, it follows that the resolution in-
creases as K’ increases but also the analysis time increases. This fact will be examined
later for the optimization procedure.

The resolution increases with 4/#, and there are three main ways to increase
n: by increasing the column length (L), decreasing the mobile phase velocity () or
decreasing the particle diameter, according to the relationship:

L L

"“H T 4xrca
TABLE II

C[—EROMATOGRAPHIC CHARACTERISTICS FOR THE SEPARATION OF GHzGC,Ds
Solvent: water—-methanol (9:1).

T(°C} Flow-rate tg’ (min) o K’ n g R
- (mifmin) (C;Hg) (mm)

20 0.42 20.30 110 630 2080 048 0.76
20 Q.59 14.51 1.10 625 1620 0.62 0.68
20 - 079 10.82 1097 6.26 1500 0.67  0.67
20 160 - 8.67 1697 572 1340 075 061
50 - 0.22 29.60 1.090 469 2950 034 0.80
50 040 - 14.00 1.0%0 422 2330 043 073
50 0.60 9.60 1.083 4.30 - 2100 047 0.63
50 077 8.22 1.092 434 1620 0.62 0.60

56 . 098 6.12 1.092 423 1560 064 059
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Flg. 3. Plots of resolutlon versus analysxs tlme. Curves a, b c,d forK'=248 and ‘10, tespa:-
tlvely. Superscnpts none, RGN (4 forL =1,8, 10, 15 and 20 cyc!es, mpectxvely.

The relanonshpo A+ Cu was verified in the range of operatmg cond:t:ons con-

" sidered. The expenmental values for the constants 4 and C, are respectxvely, 0. 42 am-

~and 0.021 sec™! at 20 °C, and 0.28 mm and 0.027 sec~! at 50 °C. .

. An'increase in the column length can be effected either. by connectmg two or

f more columns in series or by using a recyclmg procedure through the same column.
In both instances there is an increase in the analys:s tlme, but only m the ﬁrst mstance _
is there also an mcrease xn the mlet pressure s Sl :
Optzmal condztzons - ' i e LT o -

o s A procedure for optumzmg the resolutlon can be demvedm terms o‘ analys:s

' tlme and pre:sm:e drop Eqn- I can be expressed in the followmg form o v "

o Bancl <K’+1>]( ,(K%I)
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wﬁere1 fora gwen cofumn the resofzmon isa mnctlon of the anafys:s fime (ti, ff‘
and .

o rxg 3 shows Eﬁe piots of RE versus £ for C,ES—C,B,, and thft the vafues of the
constants 4 and Cat 50°C reported above. A family of curvesIs obtained by inseriing
various values of K" and the corresponding e values in eqn. 2. For a fixed column
length (L = 1 m), the curves for K" = 2, 4, 8 and 10 (curves a°, b°, ¢ and d°) are
shown. Other families of curves are obtained increasing the cofumn Iength by recycling
(1, 5, 10, 15 and 20 cycles). The broken lines to inlet pressures of >200 atm, which is
the maximum value available with our instrument.

From these curves, it appears that for X’ in the range 2-4, the best resolutions

‘are obtained in a shorter analysis time; a further increase in X’ does not improve
the separation much, but only increases the analysis time.

From these curves, it is possible to establish the optimal operating conditions
for cbtaining a required resolution from a column. For instance, if R> = 4 is required,
it can be seen from Fig. 3 that this value can be reached in 70 min with X' = 2 and
10 cyclés of 7 min each. The mobile phase composition (concentration of methanol
in water) should be adjusted so as to give this value of K’ at 50°C.

" The mobile phase velocity is calculated from the relationship

which in this example gives a value of # = 7.14 mm/sec.

With columns of different particle diameter, other piots similar to Fig. 3 can
be obtained by inserting in egn. 2 the new values for L and for the constants £ and C
obtained from the plot of & versus .

CONCLUSION

These examples indicate that high-performance liquid chromatography should
not only be competitive with gas chromatography for the separation of isotopic
molecules. but in many instances better separations should be possible in a shorter
analysis time. Different groups of isotopic systems can be explored, extending the field
of application to non-volatile or unstable compounds that cannot be examined by
gas chromatography, and with the possibility of 1solatmg pure isotopic molecules on
a preparative scale.
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