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SUMMARY 

The izhromatographic determination of binary diffusion coefficients by means 
of the peak arrest method has been evaluated experimentally. Experimental deviations 
are generally in the range OS-1.0%. 

INTRODUCITON 

This paper describes an experimental assessment of the potential of the peak 
arrest (PA) method for the chromatographic determination of binary gaseous dif- 
fusion coefiicients. It is based on a theoretical analysis outlined in a previous paperI, 
to which the reader is referred for definitions of the symbols used. The primary con- 
cern is with the development of a reliable experimental method. This is a long-term 
project of which the present study is regarded as the first stage. It should therefore 
be seen as a design study of the relative importance of the basic elements of the 
method within the limits imposed by existing facilities. No attempt was made to 
extend the method to the Limits of current technology. Most of the results are never- 
theless within the 1% precision level, which compares favourably with the best 
determinations to date. The construction of a refined model for routine measurements 
at the 0.1 0k level appears to be possible. 

~STRUMENTATION 

The theoretical analysis’ has shown that it is irratioual to aim at a precision 
much below 1 ok if peak measurements are carried out manually. Recognition of this 
limitation wZl conse&rently be the prime consideration in selecting the various com- 
ponents required for the analysis, The main items are the column, inlet, detector, 
recckder and the devices used for measuring the gas flow, peak width, time, temper- 
ature and pressure. These items are considered separately below. 
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Choice of materiai mod dinrensions of the coiumn 
Two materials were considered, viz., stainless steel and glass, and there appears 

to be little to choose between them. Tolerances on the inner-diameter appear to be 
of the same order. Surface characteristics were not investigated in detail; ‘&se are 
expected to become :nore relevant for larger molecules. The absence of k effects was 
monitored by comparing the retention times of a series of lower linear hydrocarbons. 
Order of magnitude calculations on the expansion effects indicated that, for the 
temperatures employed in this work, differences between the high and low temperature 
diameters are irrelevant. 

The choice of the radius (aj is influenced by the dependence of var a on a and 
the effect of a on pressure corrections and eddying. As will be shown below, u is of 
the order of I cm/set, so that an inner diameter of about 5 mm is convenient. This 
value is in accord with the previous uses cf open tubes2-g. 

The column length should be adequate to contain the complete peak after 
diffusion and allow the flow system to regain its steady state before the front of the 
peak reaches the detector. For an upper limit of D = 1 cm2/sec, a column length of 
about 5 m is a dafe minimum. For columns much longer than this value, the retention 
time can become inconveniently long. 

Coiling is not considered to be an important factor. 

Measurement of radius and length of the column 
Stainless-steel coitimn. The length of a short piece of column tubing, Z, was 

measured accurately with a catharometer. The weights of I and of the connection 
tubing were determined on an analytical balance and the length, Al, of the connective 
tubing was thus determined. The retention time of a sample peak and the column 
flow-rate were measured. By taking account of the internal volume of alI the fittings 
calculated from the manufacturer’s specifications, and using the lengths, the radius 
of the tube was calculated as 0.228 cm. 

In the light of the uncertainties inherent in the measurement of the volume 
sow-rate by means of the soap-f%lm method l”*ll, it was eventually decided to concen- 
trate on developing a procedure of high reproducibility and to consolidate the various 
uncertzinties into a single instrument factor by normalizing with respect to some 
reliable standard. The latter was chosen as the diffusion coefficient of the Ar-He 
system as given by Marrero and Mason It. The choice is motivated by the fact that 
(i) it is one of the few systems for which reliable experimental data are available and 
(ii) the concentration dependence of D is slight (within 1 %j as the molecular masses 
are very unequal and the heavy component is the trace species’*. The value of the 
radius obtained in this manner was CL = 0.225 cm, which differs by only 1.3 % from 
the value determined via the retention time. The uncertainties have now been con- 
solidated into a single diameter adjustment. It is felt that the phenomena are well 
enough understood to justify the normalisation. 

The length of the column was determined by measuring the retention time of 
a sample passing through the column. Again, taking account of the internal volume 
of all the fittings, and using the retention tie of the short column with an accurately 
measured length as well as the radius of the tube, the column length was determined 
as 276.5 cm. 

GIass ceiurnn. The dimensions of the glass column were obtained by staR- 
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dardizing on Marrero and Mason’s recommended value of the He-Ar diffusion 
CaeEcjent. Using the retention time method, the length was determined as 1084.5 
cm. Measurement of the carrier gas flow-rate with the differential pressure ffow meter 
yielded a radius of 0.222 cm. 

Investigation of the ordinary gas-syringe inlet revealed satisfactory repro- 
ducibility. The syringe inlet is also knownI to approximate the ideal gaussian form. 

One of the important advantages of the chromatographic technique is that 
the sample size is essentially zero. No concentration dependence of D was found as 
the sample size varied from 10 to 250 ~1. 

Detector 

The choice of the detector is critical as regards internal volume, applicability, 
sensitivity and linearity. Two types of detectors, viz., thermal conductivity (TCD) 
and flame ionization (FID) were used. 

The detector volume contributes a non-gaussion 0,’ = (V,,,/ !92/12 in time 
units, where V,,, is the effective detector volume and P the volume fiow-rate14. 
Vcrr of both the TCDs used contributed well below 0.1% to the total oDz, while 
V,,, for the FID was assumed to be even smaller. 

No detector is of general applicability. The FID, for instance, fails to respond 
to some common inorganic substances, including the rare gaseslS, while the TCD 
has serious linearity problems for certain substances. Both detectors were evaluated, 
as between them they cover a fairly comprehensive range of gases. 

The FID responded linearly over a wide range of inlet concentrations (5-250 
~1). This was unfortunately not true for the TCD, except for the rare gases. TCD 
determinations showing non-linearity were repeated with the FID. 

Recorder 
Both types of recorders used conformed to the requirements of negligible var 

%k12. 

Three aspects of flow require attention, viz., the choice of the linear flow 
velocity, its control and its measurement. 

1c value. Consideration of the optimum flow criterion (eqn. 38 in ref. l), the 
negligibility of the outlet effect (to.1 % Dp2) and the variation of var u with K indi- 
cated a u value of the order of 1 cm/set, with a bias to lower values. 

Measurement. Two types of flow measurement were used, the retention time 
method and the differential pressure flow meter (DPFM). 

We regard the retention time method as the most reliable method for flow-rate 
measurements. The retention time, rR, is defined a@ 

L cl2 
rR= r 3 (P” - 1) 1 

(p’- 1)u : 
0 

(1) 

where p = Pi/P0 (ratio of inlet pressure to pressure at outlet) and u. = velocity at 
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outlet. For the pressure gradients used in the study, compressibility corrections were 
of the order-of 0.1 X and were neglected, Le. MU-.= u,. Eqn. I then yields 

var u VXZ var fR 
-=-+tZ 23 12 R 

(2) 

Eqn. 2 shows that the relative error in u cam be dininished to an arbitrary level by 
increzsing I and consequently tR at constant ZL Another major advantage is that the 

m&hod measures the linear flow velocity directly, so that the column radius is not 
required. ft is also applicabIe at arbitrary temperatures, the only constraint being on 
the thermostating of the total column volume. The disadvantages are that the method 
is time consuming and that it is not an on-line monitor. The precision was found to 
be well within the tolerance of less than 0.1%. 

Fig. 1. Experimental apparatus. Stainless-steel column with TCD and soapbubbk ffow meter. 

The DPFM is a direct application of Poisseutie’s law in which the pressure 
drop is measured across a known resistance_ The specific arrangement used is depicted 
in Fig. 1. The attraction of this method lies in the fact that a can be measured during 
recording of the peak and errors due to flow fiuctuations are thereby minimized. 
CaJ.ibratioti of the meter can be effected by either of the Grst two methods. Combi- 
nation with the rekntion time method appears to be especially attractive, but in this 
study the more convenient traditional soap-f&n method was considered as more 
commensurate with the state of development of the DPFM. A thorough analysis and 
optimization of the DPFM will receive high priority in the next phase of the general 
project. The present bottleneck is, however, re_@rded as residing in the manual 
measurement of peak variances, so that lrndue attention to the flow measurement is 
not called for here. 

cOntro,l. The flow of carrier gas from a high-pressure cylinder was controlled 
by a cascade of pressure regulators consisting of a multi-stage pressurg regizlator, a 
Negretti and$ambra precision pressure-regulating valve and a Brooks Bow cxmtroller 
(Model 82871, coupled in series. 
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Peak measurement 
The predictions of the theoretical analysis of peak width measurements 

(eqn. 32 in ref. 1) v&h the recommended parameter values of Ball et al.” were corn- 
pared with actual measurements. The respective results are 6.3. 1W5 and 1.6. 1W5 
for the relative variances in W.. As the theoretical predictions constitute an upper 
limit for the actnal measurements, the result increases our co&den= in the basic 
soundness of the theoretical approech. 

In accordance with the theoretical predictions, an effort was made to generate 
peaks with a shape factor s = h/W+ > I. The fractional height, however, was taken 
as r = 0.5, which is larger than the optimum of r = 0.2. This is justified by the fact 
that non-gaussian effects become more pronounced as r decreases. Also, the optimum 
is fairly shallow so that the gain from 0.5 to 0.2 is not so pronounced as to vindicate 
the more serious risk of non-gaussian deviations. 

it is possible, with a TCD, to record the peak before and after arrest, in an 
effort to eliminate non-reproducibility at the inlet. This two-point technique was 
investigated but no improvement in precision was found. This implies that the 
precision in the inlet width is at least as good as that of an actual peak width measure- 
ment. A typical value for the relative variance in the peak width is var W,Z/FV+a M 
4 - 10-S. 

Time meanrrement 
t2 and fR were measured with a stop-watch that had been checked against tb~ee 

other stop-watches. The accuracy was found to be within the precision limits of the 
response time of the operator, the standard deviation of which was well within 1 sec. 
As the times involved were of the order of at least 500 set, no effort was made to 
improve upon this measurement. 

Temperature and pressure measurement and control 
Experiments were conducted at three temperatures of approximately 300, 370 

and 500 “K. At these levels, control of the mean temperature within the enclosure 
was within 0.2x, but vertical differences showed a maximum of nearly 2 “K at the 
highest temperature where the temperature controls of a Beckman GC 4 was used. 
This is not entirely satisfactory and in Mure studies the design should be improved 
in order to obtain a more even distribution 13*18-zo. The high-temperature thermom- 
eters were found to be accurate to within 1 “K at 500 “K. 

The atmospheric pressure was measured with a mercury barometer to within 
0.05 mm Hg. 

In summary, consider the relation of D to the various measurements in the 
symbolic form 

It is evident from the preceding discussion that for the present aim, i.e., a 1% precision 
level in D, the source of random errors is practicaJ.ly confined to the 6,” measurements. 
The achievement of the required precision was not problematic, and the main concern 
was therefore the elimination-of systematic errors. 
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BROOKS 

Fig. 2. Experimental apparatus. Glass column with FID and DPFM. 

4 2 

Fig. 3. Schematic diagram of the differential pressure flow meter (DPFM). 

EXPERVMENTAL 

The experimental apparatus is shown in Figs. 2 and 3. 
The experimental procedure was as follows. The system was purged with the 

carrier gas at a pre-selected ffow-rate while waiting for the electronic components to 
stabilize and the temperature to come to a steady state. It was assumed that steady 
state had been reached when the recorder gave a stable base line. A 50-l !%-~1 sample 
was extracted with an $.G.E. 25~~1 gas syringe from the sample~lecture bottle 
through a Hamilton lecture bottle septum. The sample was injected at the inlet and 
at the same time a stop-watch was set into motion. When the sample peak maximum 
was registered on the recorder, the stop-watch was stopped. The retention time, fR, 
obtained was halved and noted. After -injecting the next -sample and waithrg for a 
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time fd2, the gas ffow was stopped by turning the three-way valve. After the required 
time (LO -ruin), the three-way valve was turned back and the sample eluted. Throughout 
each run, measurements were made of the atmospheric pressure, digerentiaf pressures 
and temperature of the DPFM (when used) and cohunn temperature. The averages 
of these measurements were taken as the conditions for that run. When the soap-Gin 
flow-meter was used, measurements of the flow-rate were made before and after each 
run and the average was taken. 

The peaks obtained were measured at half-height. The temperature and 
pressures during the first run, and therefore the flow-rate, were taken as the reference 
conditions, and all other peaks were corrected to those conditions. A Ieast-squares 
fit was carried out on the tr versus (FV&,z measurements and the slope (Q and stan- 
dard deviation were calculated. The binary gaseous diffusion coefficient, D, was ob- 
tained from 

D = (b,!2) (u,/u,)~/~ In r (3) 

The factor 8 In r is the numerical relation between 0,’ and (IV,>,“. 
The soap-bubble flow meter and DPFM give volume flow-rates, which must 

be divided by the column cross-sectiona area to give linear ff ow-rates. In the retention 
time method, the cofumn length, Z, is divided by the retention time to give the linear 
flow-rate. 

The experimental di@culties encountered were more or less routine. 

RESULTS 

The experimental results are summarized in Tables I and 11. Where available, 
the literature values are the recommended values of Marrero and MasonxZ; otherwise, 
available experimental data are included. 

The values obtained by Jacobs et al. 23 show considerable scatter, even for 
diEusion coefIicients where Marrero and Mason” prescribe accurate values, and are 
therefore _not considered to be very reliable. Concentration corrections were made 
according to the formula recommended by Marrero and Masonlz. The experimental 
and literature deviations should bracket the absolute error, especially in the case of 
values recommended by Marrero and Mason=. 

It can be seen from Table I that non-linearity effects of the TCD gave values 
for the hydrocarbons that were several per cent too high. These determinations were 
repeated for the FID (Table II). Several previously undetermined diffusion coefficients 
are reported. 

An example of a calculation is included in the Appendix. 

APPENDIX 

Exampk of the caktdation of D 
Retention time method for the biuary gas pair N,-Ar, a TCD and a glass 

_WhUll. 



j\I
W

A
R

Y
 D

IF
FU

SI
Q

N
 C

O
E

FF
IC

IE
N

T
S 

FO
R

 O
PE

N
 S

T
A

IN
L

E
SS

-S
T

E
E

L
 T
U

B
E

 C
O

L
U

M
N

 
@

#&
~r

i 
G

ow
-M

ac
 1

0-
95

3,
 km

hn
ro

m
bt

er
 (T

C
D

).
 F

lo
w

 m
ea

su
re

m
en

t: s
oa

pb
ub

hl
c 

fl
ow

 m
ct

or
. S

ta
nd

ar
d:

 A
r-

H
e 

de
te

rm
in

ed
 a

t 
29

5.
1 

‘&
 0

,,8
5g

 rq
l;t

, 
w

ith
’s

 s
ta

nd
nr

d 
dc

vi
nt

io
n,

 of
 0

,,7
 “/
, 

, 
, 

. ..
- -

 _
. -_

_ 
-_

_.
-_

 _
 _

. -I
_-

 
--

_.
,-

 _
-_

--
L-

__
-_

 
--

 
y-

_,
._

- ,
,_

. -
,-.

-,_
 .

.-,
. - 

I. 
gq

s 
pa

ir 
II 

P
re

ss
w

e 
T

en
pe

ra
tw

c 
D

 (
tr

uc
e)

, 
D

 (
xl

 =
 O

S)
, 

E
xp

tl
. 

(m
) 

(“
A

? 
Li

te
ra

tk
e 

LN
cr

ew
re

 
R

@
er

+
y@

 
,&

w
l~

qe
: 

, 
co

rr
ec

te
d 

co
rr

ec
te

d 
rle

vi
at

io
~i

 
va

fii
e 

de
vi

at
ip

n 
pr

w
 

to
 1

 c
m

 
to

 I
 a

tu
t 

(%
) 

(c
d/

se
t)

 
(%

) 
(c

tlr
21

se
c)

 
(o

n’
/s

cc
) 

(“
ly

? 

-,
, _

__
_“

._
._

, ._
- 

_.
.-

^_
.-

ll 
_ ._

_.
--

.I_
._

__
_ 

-_
_ 

.._
._

-_
_.

_ 
__

_ --
.-

--
 

_C
_-

r.
--

 --
I_

 __
 _“
_-

 
.._

_-
 

--
.-

 
.._

_ 
” 

__
__

” 
__

-.
 __

._
 ,.,
.._

 
.,-

._
_ 

~
“_

__
_,

,~
 

7 7 6 7 6 G
 

7 ‘8
 6 7,
 

6 6 6 7 7 7 6 

0.
84

9 
0,

85
7 

0.
85

7 
0.

86
2 

0.
86

3 
0.

85
6 

0,
85

5 
‘0

,8
58

 
0.

85
5 

0.
85

4 
0.

85
6 

0.
85

7 
0.

85
5 

0,
86

0 
0.

85
9 

0,
85

8 
0.

85
6 

0.
68

0 
0.

65
6 

0.
50

1*
 

3.
0 

12
 

21
 

+
;$

6 

0.
33

7 

Iy
+q

m
A

rg
o
n

 

N
itr

og
en

-A
rg

on
 

h~
j~

th
on

e-
A

rg
on

 
” 

~~
,~

[p
lrn

i kc
xa

llu
or

id
c-

A
rg

on
 

‘~
~~

el
iu

rp
-J

Ji
lro

@
l 

,h
##

un
ic

-n
itr

og
en

 
~*

rc
pn

e-
ni

tr
og

en
 

, 
~~

ut
tm

o_
ni

tr
og

cn
 

29
4.

7 
O

A
62

 
. 

29
4.

5 
0.

48
2 

29
4.

4 
0,

39
2 

29
2.

9 
0.

33
0 

29
28

8 
0.

29
7 

29
4.

6 
0.

37
7 

29
8.

1 
0.

77
2 

29
8.

1 
0.

75
0 

29
8.

5 
0,

78
8 

29
7.

0 
0.

31
1 

29
7.

6 
0,

19
0 

29
8.

5 
0.

21
9 

29
8.

7 
0.

07
8 

29
4.

5 
0,

69
9 

29
4,

4 
0.

22
6 

29
20

8 
0.

11
3 

29
3.

8 
0.

09
7 

0,
35

4”
 

0.
3 

22
 

0,
39

5 
0,

75
8 

0.
73

7 
0,

74
4 

0,
30

9 
0.

19
1 

0,
21

8 
0.

07
9 

0.
68

7 
0,

22
6 

0,
11

3 
0.

09
7 

0.
4 

0.
1 

0.
2 

0,
l 

0.
3 

0,
7 

0.
6 

0.
4 

0.
8 

1.
9 

0.
2 

0.
6 

0.
7 

0.
6 

0.
5 

0.
4 

0.
40

3 
0.

74
7 

0.
74

7 
0.

74
9 

0,
31

9 
0.

19
5 

0.
20

5 
0.

08
1 

0.
70

3 
0,

20
9 

0,
15

1’
 

o.
O

Y
4*

 
0.

09
0*

 
0.

1 l
o*

 

3.
0 

1.
0 

1.
0 

1.
0 

1.
0 

2.
0 

3.
0 

3.
0 

2.
0 

3.
0 

12
 

12
 

12
 

12
 

12
 

12
 

12
 

12
 

12
 

12
 

23
 

24
 

;: 
!+

D
im

ct
hy

lp
ro

pn
nc

-n
itr

og
en

 
7 

0.
85

7 
29

3.
6 

0.
07

8 
#l

ph
ur

 
I~

~x
an

uo
ri

de
-n

itr
og

eg
cn

 
7 

0.
86

1 
29

4.
2 

0,
09

2 
0.

09
3 

m
 

-I
__

 

,, *
 ,C

or
rc

ct
ed

 to
 e

xp
er

im
cn

tp
l te

m
pe

ra
tu

re
. 

0.
4 

0.
4 



T
A

B
L

E
 I

I 

‘B
IN

A
R

Y
 D

IF
FU

SI
O

N
 

C
O

E
FF

lC
IE

N
T

S 
FO

R
 O

PE
N

 G
LA

SS
 

T
U

B
E

 C
O

L
U

M
N

 

D
ct

cc
to

r:
 

B
ec

km
an

 F
ID

. 
Fl

ow
 m

ea
su

rc
m

cn
t: 

(1
) 

re
te

nt
io

n 
tim

e 
&

ho
d;

 
(2

) 
D

PF
M

, 
St

an
da

rd
: 

H
c-

A
r 

de
te

rm
in

ed
 

nt
 

29
5.

8 
O

K
, 0

.8
57

 n
tm

, 
w

ith
 I

I 
st

nn
dn

rd
 

do
vi

nt
io

n 
of

 0
.4

 %
. 

--
--

_.
_-

--
_l

l-
-_

__
-_

-_
l_

_-
-_

__
- 

__
_.

__
__

_ _
_.

--
--

--
 

__
 -

__
C

._
.-

r_
_.

-.
.-

--
--

- 
__

 --
-_

-I
--

-_
--

 
_-

_-
- 

G
fl

s p
nl

r 
II

 
Fl

ow
 

P
m

w
re

 
T

em
pe

ro
tu

rc
 D

 (
tr

m
e)

, 
D

 (
x1

 =
 O

J)
, 

E
xp

tl
, 

Li
tm

ar
e 

L
lte

r&
ir

c 
R

ef
er

ew
 

A
bs

oh
rt

e 
fI

Ie
u_

 
(u

n~
) 

V
W

 
co

rr
ec

te
d 

co
rr

ec
te

d 
rl

ev
i~

7l
io

rt
 va

lu
e 

rl
cv

ic
lt

io
n 

er
ru

r 
sw

e-
 

to
 1

 at
r/

r 
to

 I
 a

m
 

f%
) 

(c
n2

/s
ec

) 
(%

) 
(%

) 
nl

e/
lt

* 
(c

m
2/

se
c)

 
(c

rl
~

~
sc

c)
 

_-
- 

_ 
-..

 _
_-

-._
__

__
.--

 
__

_,
-..

 -
._

- 
--

--
 

__
__

_.
-_

._
_.

 _
_-

 
-_

 
_ -

-_
_.

 -.
__

- 
_.

 .^
- 

.-
._

--
 - 

__
__

 
-_

-_
- 

__
_-

~
--

_-
-_

_l
 

M
at

ha
oc

-H
el

iu
m

 
8 

2 
0.

86
1 

29
6.

6 
O

.G
70

 
0,

68
7 

0.
5 

6 
2 

0.
85

6 
37

2.
0 

0,
99

9 
1,

02
7 

0.
6 

E
th

an
c-

H
el

iu
m

 
8 

2 
0.

85
9 

29
8.

1 
0,

51
6 

0.
9 

Pr
op

nn
c-

H
el

iu
m

 
8 

2 
0.

85
9 

29
G

.6
 

0.
41

1 
0.

4 
B

ut
an

e-
H

el
iu

m
 

8 
1 

0.
85

9 
29

6.
6 

0.
34

7 
0,

35
4 

0.
3 

2,
2.

D
im

ct
hy

lp
ro

po
nc

-H
el

iu
m

 
8 

2 
0,

86
3 

29
6.

8 
0,

31
7 

0.
7 

N
itr

og
en

-A
rg

on
 

6 
1 

0.
85

8 
29

6.
2 

0.
19

5 
0.

19
4 

0.
5 

6 
1 

0.
85

8 
48

3.
2 

0.
44

6 
0,

44
4 

0.
3 

E
da

nc
-A

rg
on

 
6 

1 
0.

84
9 

30
2.

5 
0.

14
9 

0.
14

9 
0.

8 
(1

 
1 

0.
85

0 
48

3.
2 

0.
35

7 
0.

4 
I’

ro
pa

nc
-A

rg
on

 
6 

1 
0.

84
9 

30
1.

8 
0.

10
6 

0.
9 

6 
1 

0.
85

1 
48

3.
2 

0.
24

7 
1.

2 
B

ut
nn

c-
A

rg
on

 
12

 
1 

0.
85

7 
29

8,
5 

0.
09

6 
0.

09
6 

0,
s 

8 
2 

0.
86

2 
29

7.
1 

0.
09

6 
0.

09
6 

0.
9 

20
 

2 
0.

85
6 

47
6.

7 
0.

27
6 

08
6 

2,
2-

D
im

ct
hy

lp
ro

pa
ne

-A
rg

on
 

8 
2 

0.
8G

l 
29

7.
9 

0.
07

7 
0.

1 
IE

th
an

c-
ni

tr
og

en
 

6 
1 

0.
84

9 
30

1 .
o 

0,
16

7 
0.

16
7 

0.
3 

6 
1 

0.
84

9 
48

38
2 

0.
38

1 
Pr

op
an

e-
ni

tr
og

en
 

8 
2 

0.
86

0 
29

7.
5 

0.
12

2 
B

ut
an

e-
ni

tr
og

en
 

6 
2 

0.
86

0 
37

1.
9 

0.
14

1 
6 

2 
0.

86
1 

47
9.

1 
0,

23
8 

20
 

2 
0.

86
0 

48
1.

2 
0.

23
7 

2,
Z

~D
im

ct
hy

lp
ro

pn
ao

ni
tr

o~
c~

~ 
8 

2 
0.

86
4 

29
7.

4 
0.

08
9 

--
 -

-_
--

_-
_-

-_
._

_.
-.

_-
- 

_.
_-

- _
-_

-_
--

.-
--

 
--

_ 
..-

...
. 

_.
 

* 
1 

= 
R

et
en

tio
n 

tim
e 

m
et

ho
d;

 
2 

= 
D

PF
M

. 
‘*

 C
or

re
ct

ed
 t

o 
cx

pe
ri

m
cn

tn
l 

te
m

pc
ra

tu
rc

. 

0.
38

1 
0.

5 
0.

12
3 

0.
8 

._
 .

_ 

2 
. 

0.
6 

0.
6 

0.
66

3 
3,

O 
2 

0.
98

6 
3.

5 
2 

O
.S

llh
~ 

6 

0.
36

1”
* 

0.
3 

8 

0.
19

3 
2,

o 
2 

0.
45

6 
3.

0 
2 

0,
11

4*
* 

4 

0.
09

3*
* 

0.
10

4”
” 

0.
08

2*
’ 

4 

0.
4 

8 
-7

.4
 

4 
t-

 1
7,

4 

0,
15

o’
* 

0.
16

2”
’ 

5 
-1

-1
1.

3 
6 

1-
3.

1 
’ 

p.
15

4*
’ 

4 

-l
-3

,5
 

i-
4.

1 

-1
.9

 

-t
-o

.4
 

L
2,

5 
-1

-2
9.

8 

-2
0.

0 



,_ _- 
26 -- 

. . 
CT. E. C&&i-FE-T. W. SMUiSJC. DE CLERK- 

- -_ 

Ex&imen~ cktdikons for the tist three 3 pea& (f+ O):_palm =&52.I- & 
O_.o!i mm Slg; Tcolumn = 296.1 “IL Airerage rete;ntibti time = 567.8 set, therefore 
u I2 .= 3*6$3 cm**sec-* (1 = 1084.5 cm). up = 5 in./min. C _ 

Measured (NJ*): (in cm’): 

t,=dmin Refenhkn t2 =iomin Retenhh 
time (set) hkre (see) 

21.15 567.7 39.81 567.7 
21.16 567.9 39.56 547.6 
21.16 567.8 39.69 567.8 

Corrected (W+),S, adjusted to experimentaI condition of first peak: 

t2 = 0 nrin t2 = IO nrin 

’ 21.16 39.80 
21.16 39.53 
21.16 39.60 

i7, - 8 IJI 2 = 0.0309 cm*/sec. 
Relative standard deviation = 0.5 %_ 

o(x~=bg- l 
16in2 

= 0.227 cm*/sec. 
Concentration correction: 

d,, = p (6c,f, - 5)2 . a--_ 
1 -I- bx, 

where 

-3 = mole fraction of heavy component, (Ar). 
= I.0 

Z,K = 107 “K (-P T’ = 2.77) 
= 0.029 

b” = 0.010 
& (x1 = +) = 0.00265 
Lf,, (Xx = 1) = 0.00507 

. = D (xl)-0298 
-D (.q = f) = 0.226 cm2/sec. 
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