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Ek4PORATION BY GAS CHROMATOGRAPHY * 
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Islitarlo Chiwico dell’ Unh_hxsiCd di Fevvam, Fcvvnva (Italy) 

(Rcccivccl November ~gth, rg7r) 

SUMMARY 

The influence of random and non.-random errors in the gas chromatographic 
determination of differential molar heats of evaporation (dU) on the basis of the 
relationship between the retention volume and temperature has been examined. A 
complete statistical analysis both of the precision in the determination of retention 
quantities and of the linear correlation between the logarithm of the retention volume 
and z/Tc has been performed, in order to check the reproducibility and the consistency 
of the AH cleterminations when there are problems of reproducibility due to the past 
history of the column. The same problems have been examined in the determination 
of Li(LlH). 

INTRODUCTION 

I’or analytical and thermodynamic purposes, it is useful to give an explicit 
form to the relationship between retention parameters and temperaturel. 

In the first case, the relation adopted must express the behaviour of a partition 
system only for a clefinite range of temperature in a form that is accurate and easy 
to calculate2-4. 

In the second case, the type of function is formulated on thermodynamic 
grounds (e.g., see ref. 5) ; the determination of the parameters of these functions 
represents one of the most interesting possibilities of gas chromatography0-12. 
Theoretically, it is possible to determine the enthalpy and the entropy of evaporation 
(AN and AS), relative excess functions and AC,. 

So far, however, complete agreement has not been reached on the precision 
and accuracy of these measurements. For example, YOUNG~ states that it is very 
difficult to determine excess functions with great precision, in agreement with 
MARTIRE AND POLLARA~~ and with I?URNELL~~. BLU ct nl .I1 have proposed a procedure 
that is said to permit precise determinations of AH with a definite thermodynamic 

l This investigation WLS carricd out with a. contribution from the Nntionnl Research Coun- 
cil (C.N.R.). 

J. Cl~Yonzalo~Y., 66 (1972) IgI-zoL~ 
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ESTIMATION OF ERRORS IN THE GC DISTElZMINhTION OF ,LiIr? I93 

significance. Most authors, in determining AH, approximate the relationship between 
In Vg and I/1’, (where Y-c is tile temperature lf he.column in “I<) to a linear function, 
as in general the instrumental precision is inadequate to appreciate variations of a 
higher order 14, Other autllorsf5slf1, adopting the same relationship and considering 
that the greatest cause of error lies in the instrumentation, have made the control of 
certain operating variables more accurate and llave given determinations of AN with 
precisions better than -J= I0 cal mole-l, and of A(LlZY) with precisions better than 
& o.oz0/o. 

Thus, many previous authors have rarely faced the problem of reproducibility, 
repeatability and consistency of the results. 

In the present work, it is intended, by means of statistical analysis, to examine 
the problem of the postulated consistency between thermodynamic functions and 
experimental results when tllere are problems .of repeatability connected with the 
past history of the column. 

The measurements performed were designed in such a way as to permit a 
sufficiently clear d.efinition of the stochastic relationship between I/T, and the oper- 
ating variables of the column (time and past history), at the same tjme taking into 
account the field of variation of I/T,. A theoretical outline is then given of the way 
in which a transformation of tlie partition system (or a generic source of non-ranclom 
errors) is reflected’ in the final determination of AH [and A (AH)]. From this may 
emerge criteria for methods for the solution of certain’ problems connected with the 
presence of these types of error, and also criteria fbr a more realistic estimation of 
the precision of quantities such as AH and A(dH). 

DESIGN OF THE MEASUREMENTS AND EXl?IZRIMENTS 

The stationary phase was l~olyetliylene glycol of molecular weight 400 (Cw 400). 
The solutes used were benzene, carbon tetrachloride, gz-decane, ethanol, propan-z-01 
and z-mcthylpropan-2-01. The support was silanized Chromosorb P, Go-80 mesh (pure 
products from C. Erba., NIilan) ; in one case the support was I-Ialoport l;, 30-Go mesh 
(Hewlett-Packard). The temperature range used was 70-235°C (lower than go’%, the 
maximum limit recommended for thermoderivatographic measuremenW’). 

The partition system could exhibit instability18 and irreproducibility because 
of its history 1”~2(). The solute-stationary phase systems, because of the diversity of 
the molecular interactions involved21-2”, were indicative of possible chemical and 
physical transformations of the co1umn20~24 and representative of a wider class of 
systems. 

P~c~crrrntio~a of the coZwmm fov me (Table I) 
Four preparations of the stationary phase were carried out, A, B, C and D. 

Two columns were prepared from A (I and z) and V, was determined for them. For 
tile preparation B, the results obtained ( Vg l ZWL = I/NO, where ZVL, is the amount of 
stationary phase) on the two columns R(I) and B(2) were kept separate. Single 
columns were obtained from preparations C and D. 

The order of imposition of the temperature to the gas chromatograph was con- 
trolled, especially in the case of the columns obtained from preparations A and 13: 

J. ChvornalogY., 66 (rg72) rgI-ao~40 
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ESTIMATION OF ISI~IIORS IN THE CC DIXXI~MINATION OP d1-r 19.5 

on the same column, retention data were determined first with a constant order and 
increasing in time (i), and then with a decreasing order (d), similar but the reverse 
of the preceding one. A combination of the two is indicated by (r) (random). The 
groups of retention results obtained will be identified by a succession of symbols 
indicating the type of the preparation (A, B, C or D), the type of column (I, 2 or z -k 2) 

and the application of temperatures (i, d or r) (see Table I). 
In the course of 24 h, the temperature was constant to & o.z°C and the mean 

flow-rate of the carrier gas was 0.3-0.4 cm3* set-l. 
In order to express the stochastic relationship existing between the column 

temperature and the operating tirne, a function of the type x = NZ l rt + q (where 
x = I/T, and PZ is the number of days for which the column had remained in the gas 
chromatograph) was used; from q it is possible to find the temperature of the first 
day of operation, and from 112 the mode in which the temperature was varied. Besides 
q and 312, Table I gives the coefficient of linear correlation (0) and the range of 
variability of 32 (total time of operation). By referring to Table I it is possible to find 
the various combinations realized both in relation to the operation in the gas chro- 
matograph and in relation to the history preceding the operation. 

. 

Xctmtiort vneaswemcnts and stability of the exflerimental conditioni 
For each value of the temperature (and therefore also for each day), four 

determinations of the retention time were performed for each solute, each being 
accompanied by four determinations of the flow-rate before and after the injection, 
keeping under control the outlet pressure (PO), the pressure drop (A$) and T,. Conse- 
quently, the variation in I/, or I/NO also reflects the transformation undergone by 
the column as a function of time as well as of the variation in the column temperature. 

During the time necessary to carry out the tests with each solute, the temper- 
ature of the column was constant to within & o.o2T, the flow-rate (about 1.000 
cm3*se+) was constant to within 0.002 cm3asec-1, and PO (about 760 mm Hg) was 
constant to within & 0.5 mm Hg. If it is assumed that the permeability of the column 
was also constant during this period (no drift in the permeability was observed over 
the whole time of operation of the columns), the inlet pressure (&) (about 1300 mm 
Hg) was constant to within & I mm Hg. 

A total of goo determinations of the retention volume was made. All these 
results have not been reported in detail; only the statistical treatments are given 
and from these it is possible ‘to reconstruct a large part of the information con- 
tained in the experimental results. Table II gives the number (n) of retention 
volume determinations for each solute grouped according to the criteria of Table I, 
the value of E(f = T, - 273.16, where T, is the harmonic mean of the values of Tc 
corresponding to the tests performed), and the value of dt: 

V C’(I& - I/T,)% 
. 

dt = T: ___ ._-_..- _.., . . . . _ __ _ . . __._. 
‘.’ (n - I) 

It may be observed that the mean values and the mean temperature intervals, 
f and clt, almost coincide, especially for the groupings arising from preparations A 
and B. Any variations in AN observed can, therefore, not be ascribed to the small 
differences in the width of the temperature ranges used. 

J. Clwomalop., 66 (1g72) xgr-20s 
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A&!mratats 

A Fractovap tilodel. I3 gas chromatograph (C. Erba, Milan) was used, modified 
with a liquid thermostat bath. The bath temperature was constant (to within 
& o.og”C) along the diagonals. The temperature T, (-+ o.oz”C) was measured with 
a mercury thermometer calibrated in the range of use with reference to fixed points. 
The pressure drop, &4, along the column was measured with a U-tube mercury 
manometer (-& 0.5 mm 1-1s) and the atmospheric pressure, fit,, with a Fortin barometer 
(& 0.1 mm Hg). The pressure drop in the detector was assumecl to be negligible. The 
detector was a direct-flow thermal conductivity device; the recorcler (5 mV full-scale 
deflection) had a response time at full scale of 2.5 sec. The stainless-steel columns, 
5 mm in internal diameter and z m long, were wound helically, the diameter 0% the 
helix being 15 cm. The carrier gas was helium (qg,qg5%,). The retention time (with 
respect to the inert sample, air) was measured at the masimum of the peak (mean 
peak height at half full-scale of the recorder) with a Q-set stop-watch. The flow-rate, 
FO, was measured with a flow meter similar to that described by ADTAR et ~~1.2”. The 
temperature of the thermostat bath of the flow meter was constant to within & o.oz°C. 
The temperature of the injector was 120°C. The amount of sample injected was 0.5 ,ul 
(with a Hamilton microsyringe having a full-scale reading of IO /xl). The amount of 
stationary phase, WI,, was calculated from the data relating to the preparation of the 
packing and by weighing the column before and after packing. To calculate ‘vB or 
VNO, reference was made to the A.S.T.M. standard@. 

TREATMENT OF TN@ EXPERIMENTAL RESULTS 

Hyfiothses asd metlzod of immtigation 
It is known that the specific retention volume at. a certain temperature, VIg, 

is a function of Tc. In this investigation, it was assumed1 as a hypothesis that the 
function is of the type In V, = b/Tc + a. If this hypothesis is valid, an analogous 
relationship exists between In T/NO and I/T,, and in this case ,41$ = b l R (where R 
is the universal gas constant), QH is the differential molar heat of evaporation. 

Putting In Vy” = y and r/Tc = x, if there is a particular source of constant 
error, corresponding to a certain selected value, ~1, all the retention values measured 
(expressed in logarithmic form), zfj, will be affected by the same error clzul: 

W = ytj + dzui (i = I, 2, . . . . PZC) (I) 

where nt indicates the number of tests and ~$9 the result of a hypothetical measure- 
ment affected only by (random) instrumental errors, The significance of the error 
dwc is also defined with this precision: by this are understood those types of errors 
or perturbations of the partition system that act on the whole series of repeated 
retention volume determinations for constant X. Given the logarithmic form adopted, 
dust expresses a relative error in the retention volume, 

Consequently, the mean value 2t = Czr~/~zt, relative to x1, will also be affected 
by the same error dwc: _ 

zt = j% -I- dw (2) 

The slope calculated from the observed experimental values is: 

J, ChvomalogY., 66 (1972) 191, 294 



ITrom eqns. I-4.: 

6, - 6, -/- b,, 

I97 

(3) 

(4) 

where b, and I&, are expressions analogous to ccln. 3 obtained by substituting y and 
clzu, respectively, for x. Analogously : 

c-&z = B = I+ -+- Clzv 

Tile experimental regression line determined by z, Z(x) is therefore: 

(6) 

Z(x) = LZZ + b& -5) = Y(X) -/- W(X) (7) 

Eqn. 7 indicates that if the dependence between y and zv is expressed linearly 
by Y(x), the experimental. straight line Z(X) is different from the hypothetical one, 
Y(X), according to the way in which the phenomenon of perturbation, dzu, can be 
expressed as a linear function of x. The manner (magnitude and sign of the slope) 
in which clue, can be expressed as a linear function of 3~ depends to a large extent on 
the type of stochastic and/or causal relationship between the two quantities. 

For example, in the case of a transformation of the stationary phase, the 
generic source of error, dw, depends on the time and on the temperatures of operation 
that have followed one another. If a significant correlation has been found between 
the time and I/Y’, (the function x = ws 9 92 + q, Table I), a high degree of stochastic 
dependence between duel and .?c with a non-zero value of the function W(x) has also 
been established. For the same type of transformation, clz~, that has followed itself 
in time, the sign of the slope bW depends on the way in which the measurements have 
been performed, i.e. with a decreasing or increasing order of the temperatures with 
time (sign of nz, Table I). 

In acldition to this, it must be observed that, in general, d7e, can no longer be 
expressed as a rigorously linear function of ,?G and tile presence of C~ZPI will therefore 
be indicated not only by the non-reproducibility of bZ but also by the lack of satis- 
faction of the statistical tests for linearity (based on variance analysis). The esperi- 
mental points, Z’C, will deviate from the straight line Z(X) more than is predicted from 
the instrumental error of measurement, because the resiclual part of clze~ not expressed 
linearly by TV(x) combines additively with the scatter deriving from the lack of 
instrumental precision (theorem of addition of variances), 

For the same reasons, in the case of a zero correlation between dzg and X, the 
value of b,, will be zero but the presence of dru will be revealed by the same tests for 
linearity or even more simply by an excessively high value of the error in the slope bz. 

Consequently, analysis of the values of ,bZ repeated on the same system and 
of the confidence intervals of bZ, and the application of the statistical tests for 
linearity performed, bearing in mind the type of operation of the column (Table I), 
will be complementary methods for showing the presence of the source of error, 
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dw. If, then, this study is also performed comparatively with solutes of different 
types, it will be possible to see whether there is a simple loss of stationary phase 
(same sign and magnitude of clzo and therefore the same error, &,J or a more complex 
transformationzO. 

Finally, in the measurement in which the source of error, cl.w, will be regarded 
as negligible, it will be possible to draw a conclusion on the coincidence between Z(x) 
and Y(x). If a similar conclusion is reached by means of a rigorous check of the 
linearity test, it will also be possible to accept the hypothesis of a. linear relationship 
between In V/N” and I/T,. Only in this way is it possible to determine values of AH 
with maximum precision (that permitted by the experimental procedure) and 
maximum accuracy (that permitted by the statistical tests used). 

Statisticnl tveatmm! 
From the experimental results (I;(), (tn- t&l), A$ and ~5”) (ref. z), the retention 

volumes were determinecl and the analysis of linear regression between In vg (or 
In ~/NO) and 1/7'~ was applied by means of a Fortran IV programme on an IRM Togo 
computer. A more complete statistical analysis of these results was carried out with 
an HP gloo B computer using the programmes collected in STAT-PAC Volume I 

(Hewlett-Packard). A significance level of 95% was adopted for the statistical tests, 
and general reference was made to the texts of HAT~L+ and DIXON AND MASSEY~’ 
and to published statistical tables 28. A positive result of a test is shown in the tables 
by (+), a negative result by (-), and a doubtful result by (?). 

TABLE III 

PARTIAL ESTIMATE OF s(hl I/NO) * IO” 
.---. ----_.-----.. 

B(r) a (2) A(r -I- 2) 

Benzene 2.402 ( -I- 1 2.178 (-1) I.355 (i-) 
n-Decant 4.143 (-k) 3.~8 t-t-1 2,219 (+I 
Carbon tetracl~loriclc 1.518 ( -I- 1 I.~GI (-) 2.523 

Ethanol I.720 ( -i- ) 2.310 I? 

Propnn-2-01 I .642 (-l-) 0.932 (+) 
2-~Mcthylpropan-2-01 I.513 ( -I- 1 I .8#3 (4-J 

ESTIMATION OF THE ERROR IN THE RETENTION VOLUME AND IN dry 

A corrected and not excessive estimation of the error in the retention volume 
is the fundamental basis for all the statistical tests that follow. The total error must 
be evaluated by combining in a suitable manner all the errors in the individual 
magnitudes measured 2n--81. Because of the way in which the measurements were 
carried out, some of these errors (random errors in the determination of the flow read 
on the flow meter, I;, (ref. zg), and in (In-- tM)) were determined directly from the 
statistical analysis of the repeated tests of retention volumes and the residuals from 
the analysis of the relationship between PO, Afi and I;, (Darcy’s equation22). 

For all the groups of repeated tests, the error, s(ln V/N”), made in In ~‘/NO was 
determined. The values found for the various solutes on the individual columns were 
equal to one another in the majority of cases (checked by Bartlett’s test) in accordance 
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with the results observed by UI-rn~ovli~~ ‘)?. Table III gives the estimate of the common 
va.lue of s(ln V/NO) and the test check. The characteristic values for the various solutes 

” (excluding, in general, gz-decane) are exhaustively explained by the errors made in F, 
(the value found from a separate analysis was I%,) and in the retention tirne‘J~~3r. 
It must be borne in mind that the stability of the system (flow- rate, A#, JYJ~ and T,) 
is even better than that reported in the section on retention measurements. 
The lower precision for ?z-decane (and to a certain extent also for benzene) is probably 
connected with the sampling errors and with the non-linearity of the partition 
is0 therm. 

In order to evaluate the other sources of error, a two-stage analysis of variance 
in the column permeability (BJ measurements was applied by using Darcy’s equation. 
The measurements of R, in the second-order groups were carried out under the same 
conditions as the determination of V NO (with Afi and flu constant). The first-order 
groupings were determinations of B, repeated with variations in Afi (and jh,) and in 
the operating conditions of the flow meter but performed on the same day so as to 
avoid intrinsic fluctuations in the column permeability, 

The second-order fluctuations (I-Z%,) can be explained by the error made in 
the measurement of F,. The sources of error that determine the first-order fluctuations 
in B, (4-G%,) are, on the other hand, all the residual sources of error in VNO that 
were not taken into account in the preceding analysis (data in Table III). Where 
these fluctuations are derived only from A$ (-4: z mm Hg), an error of I%,-, is passed 
on (through J, Martin’s factor) to V#; if, on the other hand, they are connected 
with other operations of measuring the flow velocity, I;,, (for example, variations in 
the vapour pressure of the soap solution, poor operating conditions of the Aow meter2”) 
the error passed on to V no is higher(q-6%,). However, the possibility that they arc 
derived solely from errors made in #o can be excluded because of ‘ihe low sensitivity 
of B. to these errors. 

Consequently, this analysis inclicates that other errors, in no case less than 1x0, 
have certainly been made in I”N O. Even the uncertainty in the reading of the column 
temperature involves an error in the association operating between In VNO and r/T, 
(I/T, is the independent variable, not affected by errors, in the linear regression of 
the first typeXQ). This error is passed on to In I/ No to the extent of about 0.5 x ro-’ 
(ref. ZCJ). It is therefore considered that the measurement procedure involves, in 
addition to the errors in Table III, additional errors of about I x 104-2 x IO-~ in 
ln VN’. 

In the case of the grouping A(I -t_ 2), it is also necessary to consider, the errors 
connected with the determination of the amount of stationary phase, ZVL, present in 
the columns A(I) and A(2), which is necessary for the determination of V, (Table I). 
It was assumed that the amount, ZOL, present in the columns A(I) and A(2) was 
proportional to the weight of the packing (since tile preparation procedures were the 
same), The error that is passed on to Vg by tile operations of weighing the packing is 
about I%~. Any further error in V, is not important for the purposes of determining 

:i’ A N. 
Taking all the preceding considerations into account, it is possible to evaluate 

the minimum error with which ~119 can be determined (c.g., ref. 26). For the majority 
of the substances (excluding +decanc) confidence intervals of between 30 and So cal 
mole-l are found, depending on the number of tests performed. These values must bc 
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increased if the estimation of the expcrirnental error has been too optimistic. 
It must be borne in mind that the value of AH varies wi,th temperature, and 

its variation can be regarded as being similar to that of the latent heat of vaporization, 
AH,. For the solutes considered here, variations in 4 r3, of between 15 and 30 calm “C-l 
mole-l have been found”“- 40. The effect of curvature is therefore of tile same order 
of magnitude as the experimental precision, 

It has not been possible to perform a r&able evaluation of the systematic 
errors of an instrumental nature owing to extra-column factors. Considerations based 
on the literature on tllis subjects”~41--18~ indicate that the error is about -/-I cm” (in 
t/‘nO). The experimental results have not been corrected, and the error that could be 
passed on to AH is negative and is about 30-50 cal- mole-l (the maximum difference 
is obtained for solutes witlt the shortest retention times, 7G.z. carbon tetrachloriclc, 
benzene and gz-decant). 

EVALUATION 017 TI-115 l<@SULTS 

Delqwainalions of AN 
Table IV gives the results for AH, the conjiclence interval and the linearity 

test”” relating to the combinations of Table 1. The linearity tests were carried out 
with allowance for an adclitive contribution of 3 x 10-o to s2 (In VNO). Together with 
the significance limit of the test (95%), this hypothesis enables one to adequately 
avoid not recognizing a linearity when one exists. 

The determinations of types (r) and (i) clo not satisfy the linearity test and, 
in general, give higher values of AN. Exceptions are the apolar solutes on columns 
B(I)(~) and B(I)(i). It can be assumed that during periocl (i) of the operation there is 
predominantly a loss of stationary phase in the case of column B(2) ancl a chemical 
modification of the phase in the cast of column 13(1) 18--2Q~40. In fact, the differences 
in Ah? with respect to the observations of type (cl) are almost constant for all the 
solutes (about Goo cal l mole-l) in the case of columns J3(2)(i) ancl are characteristic 
of the type of solute for columns n(x)(i). The cause of this diversity must probably 
be ascribed to the history preceding their operation, as the operation was the Sante 
in the two cases (almost coincident values of ZU, q and 0, see Table I). A combination 
of specific retention volumes performed on only two columns does not give valid 
results, as in the case of A(1 I-2) (r), because the various sources of error combine 
with difficulty in a completely random manner. 

Similarly, the two-way analysis of variances performed on the deviations 
from the calculated values and the experimental values of In ~NO, grouped according 
to the type of solute ancl the day of column operation, showed a drift of the column 
during periocl (i). These deviations indicate a loss or transformation of the stationary 
phase and are proportional to the part of this phenomenon not expressed as a linear 
function of I/rc, This drift was not apparent for the groupings of type (d). Conse- 
quently, it must be assumed that after a suitable period of conditioning under a flow 

I~’ of inert gas at the highest operating temperature, these types of columns become 
stabilized and provide AN cleterminations that arc independent of the preceding 
history and indepenclcnt of the time of operation, at least for a time varying between 
three and six days (see Table I, operation of columns A(z)(d), IS(I) (cl) an.d B(z)(d)). 
In fact, the determinations of AN in these cases show no significant differences 
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PARALLEI..ISII OF REGRILSSION LINES 
-----OF .______-----.--. 

Solute Satisfaction of the test Common valw of 
AN (Cal’ mole-~) 

‘,’ 

- .*J 
Comparison 
C(I) (d) 
(cals mokl) 

Benzene WI) (O-N2) (d) c-t-1 7483 zt 27 7338 
B(I) w-J3(4 (4 (-1 

n-Dccsnc A(2) (a-WI) (cw3(2) (a t-i-1 53.57 zk 53 5273 
Carbon tctrnchloriclc N2) (+-B(I) W-B(2) (d) (+I 7152 f 44 7183 
Etlmnol A(2) (cl)-WI) W-B(2) (d) t-t) 8996 -I: 30 go00 
Propsn-2-01 A(2) (Q-WI) WW(2) (d) (f) 9122 f 42 gII2 
2-Methylpropan-2-01 A(2) (cl)-WI) (W-B(2) (d) (1-j 90.52 f 42 8997 

according to the type of column (paired observation test) and are equal to one another 
(parallelism test relative to the solutes, Table V) , Column C( 1) (d), the operation of 
which was subsequently limited to 24 h; also showed no significant differences (data 
are given for comparison in Table V). Consequently, it must be considered that a 
good reproducibility in the determination of AH was achieved only with these last 
columns. 

Nevertheless, it is appropriate to observe that the tests used (linearity and 
parallelism, in particular), which establish the consistency and validity of the 
experimental measurements, have a limited power : with respect to the hypothesis 
that the effect of non-linearity is 1.4 times the experimental error in In Ir,O and the 
non-parallelism 1,4 times the error in AH, the power is of the order of 80%. In 
addition, the linearity test was carried out with the adoption of a hypothesis (additive 
value to s2 (In I/NO) of 3 X lo-o) which, although reasonable, is not completely 
demonstrable. Attempts to reduce this margin lead to non-satisfaction of the test 
in some cases. This could be due to many factors, not in the least to the lack of 
constancy of AH in the temperature range used (see the section on the estimation 
of the error in the retention volume and in AH). These considerations therefore also 
give the limits of the validity of the results. 

The analysis of the precision of the determination of T/NO performed in the 
section on the estimation of the error in the retention volume and in AH also places 
some doubt on the significance of the AH measurements relative to the solutes 
benzene and n-decane (non-linearity of the partition isotherm shown by excessively 
high values of s(ln ll~O)). 

More certain conclusions would have no great physical significance for the 
number of uncontrolled parameters (for example, the influence of the size of the 
sample, the gas--liquid and the gas-solid interfaces .47@) and for the presence of system- 
atic errors of instrumental origin. As an example, the value of AH for ethanol using 
Teflon as a support (column D(I)(~)) was re-determined. The result, dW = 8948 & 79 
calm mole-l, is similar to the preceding values, but combined with them it would% 
change the final average results. VA; 

The errors estimated by means of this analysis were of the order of 200 Cal* 
mole-r (for example, column B(x)(i), alcohols), These errors are probably due to very 
small amounts of transformation of the stati.onary phase, clwc. Putting b, l R = 200 

calm mole-l and combining the equation W(X) .= b,x + GE,~ with the expression ,1~ = 
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~lt ‘7% -+ q (Table I), it is possible to estimate that the variation in the retention 
volume was -I%, for each day of column operation. This error would have been very 
difficult to evaluate by means of a statistical check on the conditions of column 
stability performed under isothermal conditions. 

Precision and reliability of the A (AH) men~urements 
The observations on these factors can be largely deduced from the preceding 

ones, However, it is’ also well known that A(AH) can be found not only from the 
difference in AH but also directly from the relative retention parameters. This second 
method is sometimes preferred, because it is faster and also because it leads to nar- 
rower confidence intervals for A (AH). However, attention must be paid to the fact 
that in some cases the reduction of the coniidence inter&l is fictitious and leads to a 
misunderstanding of the true significance of the parameters determined, 

For example, if the value of A(AH) ftir the pair ethanol (I)-propan-z-ol (2) 
with the linear regression of In (V,O(I)/I”N~)(Z)) was obtained from the results for 
the grouping B(2)(i), the value A(AH) = -233 & x30 cal*mole-l would have been 
acceptable, because the regression performed has a positive linearity test and the 
confidence interval is sufficiently narrow. As the linearity test on the individual 
regressions of In ~/NO(I) and of In v&2) is not satisfied, however, the suspicion 
remains that the result for A(AH) is incorrect. In fact, the value of A(AH) that can 
be obtained f&m the data of Table V, A (AH) = - 126 & 53 cal*mole-l, [groupings 
B(l)(d), B(2)(d) and A(2)(d)], shows that in the regression of In (v~~(i)/l/~~(z)) not 
all the errors are completely eliminated, probably because the loss of stationary phase 
(monomers and low-molecular-weight polymers) does not affect the two solutes in 
precisely the same way”a, 

This example emphasizes the way in which the clet.ermination of A(AIf), 
usually more popular in gas chromatography, must also be subjected to the same 
critical analysis as is associated with the determination of 4If. 
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