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SUMMARY 

Examination of various methods of development showed that sorption of 
solvent vapour accelerated penetration of the solvent into the thin layer, and elimi- 
nated the solvent demixing that is often observed in the dry filling system. 

A mechanical device was therefore constructed to provide a continuous supply 
of the solvent vapour to the cover plate of the sandwich-type developing chamber. 
This method was combined with overflow development, opening the tip of the 
d.eveloper to air, which resulted in an increased developing distance by continuous 
flow, and the sample was concentrated at the solvent front more easily. 

The advantages of the present apparatus care simplicity of operation, rapid 
migration of samples owing to rapid saturation of vapour, and good reproducibility 
and separation. 

c 

INTRODUCTION 

One of the greatest disadvantages of thin-layer chromatography (TLC) lies 
in its poor reproducibility, and one of the many factors responsible for this is incom- 
plete saturation of the developing chamber with solvent vapourlJ. In the box-type 
developing chamber, a long time’is required to saturate the large volume of the box 
with the solvent vapour, and development is started before complete saturation 
of the chamber occurs, which leads to poor reproducibility. 

To reduce the space surrounding the thin layer, the so-called sandwich-type 
developing cllamber3-7 was devised. However, DE ZEEUWB has pointed out that when 
a mixed solvent system is used, the results of separation with this sandwich-type 
chamber are often entirely different from those obtained with the box-type developing 
chamber. In addition to the results obtained during separation, there were many 
unsettled points concerning the correlation between these two types of developing 
method, Therefore, the present authors made a detailed comparative examination 
and then confirmed the differences between the two methods. 
__-_ -- 

* This paper was wad nt the 4th Intcrnntional Symposium ” Identification ol Substances 
by PC ancl ‘1:1x” L\IIC~ ;I sllllltll;try ;tl>l~e.~rc:l in J, CJ~IWIWZ~O~V., _[8 (1970) 1.13. 
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In the sandwicll-type develoi>ing chamber, penetration of the solvent intc 
the thin layer is much slower than that in a saturated developing chamber, ant 
this tvas considered to be due to evaporation of the solvent from the thin-layel 
surface. Consequently, in order to saturate the volume around the thin layer wit1 
the solvent vapour, a mechanism on the cover Plate by which the solvent vapour 
is supplied continuously was devised. As expected, this device resulted in a bettel 
developing rate, with a separation that was the same as that obtained when the 
completel$ saturated bo.u-type developing~‘chamber was used, even when a mixed 
solvent system composed of polar solvents was used. 

Moreover, the new method retained all the desirable features inherent in 
the sandwich-type chamber, and combination of this method wit11 the continuous- 
flow technique”* lo was founcl to offer a system having many advantages. Fundamental 
experiments carried out to examine this newly cleveloped apparatus and method 
are describecl in this paper. 

A thin layer prepared by the standard method11 using Wakogel-PJ (silica gel 
for TLC, Wako Pure Chemical Co., Tokyo) ancl a thin-layer glass plate manufactured 
by the Merck Co. were used. 

Nine kinds of the dyes of NEHER ct n1.l2 were used as z o/o solutions in acetone, 
the 17-6~ being purified by preparative TLC’O. 

Sana$Ze a$y!a%cator 
The applicator used was the one reported by MONTIIIRO~“. 

The cover plate was a glass plate 3 mm thick, with a glass piece 0.5 x 3 mm in 
cross-section attached to both sides and the upper part of the plate by fusion, and 
g!gss spacers 2 x 6 mm in cross-section attached to both ends along the longer 
axis to make a groove, as shown in Fig. 2a. 

The cover plates provided for sizes 20 cm in width with heights of 15, 13.5, 12, 
10.5, 9, 7,s and G cm. For the thick layer, a cover plate having a spacer 5 x G mm in 
cross-section, with another spacer 2 x 4 mm in cross-section attached to the top of the 
plate, was also used. These plates were also used in the seven sizes as notecl above. 

Other components of the apparatus were a stainless-steel spring, 0.2 x 4 x 195 
mm (Fig. za), a glass lifter consisting of a glass rod, IO x IO x 200 mm, and clips, 
cast-iron stands, a brass support and a rectangular glass 1~0s for the solvent, 

Method of devef?o$naent 

The developing solvent is placed in tile tank and the horizontal position of 
the tank and the height of the solvent (8 mm) are checked. About ~0-15 mm of both 
sides of the thin layer are scraped off with a spatula (Fig. 21~). Sample solution is 
applied to the thin layer, 15 mm from the lower end of the adsorbent layer, as a 
spot or a line. 
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AS APPARATUS Fort CONTINUOUS FLOW DEVBI~OP&lEKT IN TLC 77 

The two ends of a filter-paper or glass-fibre paper arc inserted into the grooves 
on both ends of the cover plate and secured in place with 2 or 3 springs also inserted 
into the same grooves at tlie upper and lower ends of the cover plate (Fig. 2a). Care 
sl~oulcl be taken to place the filter-paper flat on the plate. The cover plate is placed 

Fig. r. Front b%w of the assctnblccl r~ppnratrrs. 

Filter-paper or gloss-fiber paper 

three springs 

The srxlcer and 
carrier not to be in 
ContCXt with emh 
other 

CUP 
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in a lower position, 12-15 mm from the thin-layer plate, and the two plates are 
secured in place by two clips at the edges (Fig. 2b). The clips should press the spacer. 

The thin-layer plate with the cover plate attached is immersed carefully in 
the solvent. As the cover plate is lowered into the solvent, but not the thin layer, 
the filter-paper is soaked with the solvent. In this case, the cover plate may be cm the 
upper or lower side, but it is better to put the cover plate below the thin layer because 
direct observation of the thin layer can then be made and contact of the thin layer 
with the filter-paper can be prevented. 

It usually takes a few minutes for the solvent front to reach the top of the 
filter-paper, which is allowed to stand for a few minutes longer to ensure that the 
volume inside the cover plate is saturated with the solvent vapour. The clips are then 
removed carefully by holding the cover plate and thin-layer plate (taking care 
not to allow the vapour to escape) and the thin-layer plate is allowed to move down 
into the solvent. The two plates are agaiii fixed with the clips and the development 
is started (Fig. I). 

In order to compare the results with those obtained by the classical Stahl 
method, the development is discontinued when the solvent front reaches IO cm 
on the thin layer, and the & value is determined. 

Further development will result in evaporation of the solvent from the top of the 
cover plate. In this case, care should be taken not to allow ,disturbed air to come 
into contact with the developing area. A stream of air should be +voided by using 
a screen, The sample band will reach the top of the cover plate and will be concen- 
trated there as a line as the solvent evaporates. The solvent should be supplied 
continuously by careful addition along the inside wall of the tank so that the solvent 
surface will always be at a height of 8 mm. 

In order to separate and collqt the second and third components of a mixed 
sample, the cover plate should be slid down at fixed time ‘intervals during which 
the thin-layer plate will move upwards and the solvent surface should be elevated 
a little (cn. 5 mm) by immersing a lifter (a glass rod for elevating the surface). 

In the case of a colourless sample, a dye with a similar mobility should be placed 
on both edges of the thin layer as a marker. The mobility of the sample can also be 
measured by a preliminary experiment and the cover plate moved accordingly. 
The sample components can be concentrated in three different places and it is possible 
to obtain these three lines with about Is-mm intervals by adjustment of the cover 
plate. If even this is not sufficient, the cover plate can be replaced by one of a smaller 
size during the development. For this purpose, the new cover plate sl~oulcl be placed 
on the thin-layer plate immediately adjacent to the old plate, and the new plate 
moved into position by sliding, not lifting, the cover plate, so as to prevent the 
solvent from escaping during the exchange. 

Recently, DE ZJzEUW’J and VAN DIJK AND &~IJs’~ reported that the separation 
effect on a silica gel thin layer is greatly affected by the adsorption of solvents, 
and it is natural that the sandwich-type developing tank, in which the air around 
the thin layer is devoid of solvent vapour at an early stage of development, will 
give different separation results from these obtained with the box-type saturated 
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tank because the adsorption of the solvent vapour will be insufiicient. DE %@EUW~ 
also confirmed this by experiments. However, these examples were limited to a small 
number of specific solvents, and it was desirable to make further comparative 
examinations on a wide range of solvent system% so as to. clarify the differences 
between these two kinds of development. 

In the present series of experiments, therefore, more detailed comparative 
experiments were carried out on the two methods of development by measuring 
the mobility on a silica gel thin layer, using a large number of mixed solvents used 
for the separation pf steroicls by the present authorsf”v17 ancl by NEWER~~. For the 
samples, the dyes of NEWER et ~1.12 were used, &hich possessecl medium polarity and 
mobilities close to those of the steroids. 

In order to ensure complete saturation with the solvent vapour, filter-paper was 
placed 011 three sicles of the box-type developing tank ancl solvent vapour was allowed 
to saturate the tank for 20 min. In addition, the thin-layer plate was placed inside 
the tank and dippecl into the solvent after vapour saturation, without taking the 
lid off17 (B-V type*). For the purpose of comparison, the standard procedure of insert- 
ing the thin-layer plate by taking the lid off after vapour saturation was also use&l1 
(B-V type). The sandwich-type developing tankz-7 is characterized by the small 
volume available for the vapour and it is desirable to use as small a spacer as possible, 
In the present experiment, a spacer I mm thick was usecl (S-O type), 

Comparative examination of these methods revealed. the following differences. 
When a mixture containing polar solvents, such as acetic acid, methanol and acetone, 
is usecl as the developer, a secondary solvent front (p-frontI”) appears in S-O type 
development, This is considerecl to be the de-mixing of solvents. 

In accordance with the metlmd of BRENNER cl nl.lO, a mixed sample solution 
was spotted on the diagonal line on the thin layer and a secondary solvent front was 
detected. This result is summarizecl in Table I. The line connecting the same component 
often did not form a clear straight line and appeared to be more like an indented 
curve so that the solvent front was calculated not as a line but as a limited zone. 
This is probably clue to the movement and adsorption of easily volatile solvent vapour 
,through the small volume and a subsequent change in the solvent composition. 

On the other hand, the phenomenon was quite different in development with 
the box-type tank (B-V and B-V’). With the exception of a few mixed-solvent systems, 
solvent cle-mixing was not observed. (Table I). This probably indicates that the vapour- 
izecl solvent formecl an adsorption equilibrium on the thin-layer surface. 

During this experiment, it was found that there was a great difference in the 
rate of infiltration of the solvent into the thin layer in the box-type and sandwich- 
type developments. In the S-O type development, infiltration of the solvent was 
slow. For example, in a system in which a silica gel thin layer ancl benzene were 
used, 30 min were required for the solvent front to reach a distance of IO cm, which 
was almost twice the time of 16 min required for the same clevelopment in the 13-V 
type. A similar result was obtained with other solvent systems. 

In orcler to remove these clefec.ts in the S-O type development, a device was 

* Abbreviations usccl : 13 = bos-type clcvcloping clxiinbcr; 17 = vapour saturnted; ‘I/’ = 
vapour incoinplctcly cquililwatecl; S = sandwich-type clcvcloping chainbcr; 0 = without 
solvent x*apour; CI; = continuous clcvclopincnt; S-0-CF = continuous tlevclopnicnt of the S-O 
type; iLllC1 S-I/-CF G continuous clevclo~mcnt Of thC S-V type. 
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TABLE I 

SOLVENT DE-MIXING OF LIULTICOMPONENT SOLVENT SYSTEMS 

Mohih phase Relative value of /3-f~ont to the sohnt front 

s-o OY s-o-CP a-v s-v OY S-v-CF 
devezopirag rzeveiopilrg thezoping 
rIletllott znethod wetf~od 

BcnzcIlc-acctot1e (4 : I) 
Dcnzene-methanol (g : I) 
Chloroform-acetone (3 : I ) 
Chloroform-methanol (97 : 3) 
Hcssnc-ethyl acetate (2 : 8) 
Bcnzcnc-ethyl acetate (3 : 7) 
Bush L132 I /A&j” 
Chloroform-acetic acid (3 : I) 

O-70 1.0 
0.35-o..+g. 0.72 0.87 (0.3o)‘L 
o.%-0.92 1.00 
0.31 1.00 
o.g6-o.gs 1.00 
I .oo I .oo 
o,35 1.00 
0.75 1.00 

1.0 

0.82 (0.30-0.6~1)~~ 
1.00 

1.00 (0.30-0.60)‘~ 
1.00 
1.00 
1.00 
I.00 

-- 

n Figures in parentheses show the indistinct p-front zone. 
b In these cxperimcnts the upper non-polar phase was used for saturating the ntrnosphcrc: 

as well as for clevclopment. 

made to supply solvent vapour continuously into the cover plate (S-T/ type) and it: 
function was examined. In this case, the system supplying the vapour must have 
a rapid rate of solvent infiltration and should not exhibit ‘de-mixing of the solvent 
Filter-paper and glass-fibre paper were tested and were found to be satisfactory 
for this purpose. An attempt had already been made7 to promote solvent vapour 
saturation by having two thin-layer plates facing each other and allowing one OI 

the plates to adsorb the solvent, but infiltration of the solvent was slow and solvenr 
de-mixing occurred. When the filter-paper was saturated with a solvent, the papel 
became bent owing to solvent infiltration and there was a chance that this filter-papel 
might disturb the thin layer. Therefore, a groove was made in the spacer into whicl 
a strong spring was placed to hold the filter-paper in place. When a I-mm space] 
was used, the solvent was adsorbed by capillary action to a certain height abovt 
the solvent level and the solvent front became non-linear. The spacer with a z-mn 
slit was therefore used. . 

In order to determine the effect of pre-saturation time, the cover plate wit1 
the filter-paper was placed on the thin-layer plate with 15 mm extending Iron 
the latter, the cover plate was placed in the solvent and the thin-layer plate wa! 
allowed to dip into the solvent for 5, IO or 15 min after dipping the filter-papel 
into the solvent (the solvent front reached the top of the filter-paper in about z min) 
The rate of solvent infiltration into the thin layer and the mobility of the sample were 
examined. There was no apparent difference between migration rates for the 
pre-saturation times described above. 

The infiltration rate of the solvent is shown in Fig. 3. It is known that ir 
infiltration of a solvent into a dry adsorbent system, there is a proportional relation 
ship between the time of infiltration and the square of the clistancelD. These value: 
were therefore plotted as shown. It is known fro21 tllis graph tliat the iniiltratior 
rate is very slow in the S-O type but the rate is accelerated in the S-l/ type, the rate 
becoming close to that of the B-v type. 

In liquid-phase chromatography, it is evident that a faster rate of clevclo1~me1~ 
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does not necessarily increase the degree of separation of a sample, but. it is desirable 
that the rate should be greater, if the separation is not disturbed, from the practical 
viewpoint. 

Time (min) 

Fig. 3. Spcccl of migration of solvent front on silica gel layer. Pre-saturation tinics: B-V arid 
B-V’, 20 niin; S-V and S-V-C/:, I0 min. 

De-mixing of the developing solvent characteristic of the S-O type disappears 
in the S-V type, in which the result becomes approximately the same as that in the 
completely saturated B-V type (Table I). On the other hand, while the B-V type 
gives a good result, a long time is required for pre-treatment and the procedure 
is rather complicated, These disadvantages of the B-V type have been overcome in the 
S-V type, wllose procedure is facile and rapid and which gives a good reproducible 
result. 

Vafioztr-satwated conti7tuolt.s asceding develofi~rtent 
An attempt was also made to utilize the foregoing observations in the continuous 

flow development reported previously lo. The sandwich-type developing apparatus 
with an open-end cover plate (S-0-CF type) makes it possible to carry out continuous 
development. If the above function of solvent vapour saturation is added to this 
device (S-V-CF type), this method can be applied more widely. Therefore, the 
characteristics of these S-0-CF and S-V-W types were examined by,measuring the 
infiltration time of the solvent and the formation of a seconclary solvent front. 

Movement of tile solvent front in the S-V-W type clevelopment was similar 
to that of the S-V type soon after the start of the development, but the movement 

ti. sucldenly slowed clown (dotted line in Fig, 3) when the solvent front reached the 
_ lower end of the evaporation-controlling spacer on the upper part of the cover plate. 

It took a few minutes for the solvent to travel through the length of about 3 mm 
of the spacer. Newcver, as, will be mentioned later, there seemecl to be no great 
variation in tile movement of the sample in this region (Fig. 5) and t11e movement 
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TABLE II 

5 RF VALUESOFNEHEK'SDYES i? 
0 
* 
;: Mobile phase Dcvelopi~lg Pre-sat- Time of RF x IOO values of Xeher’s dyesa 
3 
a method taration devel- 

4 

time opmen t F-52 F-59 F-63 F-II F-62 F-22 F-9 F-14 F-j 

@tin) (win) (yellow) (red) (red) (blue) (brown j (yellow) (viold) (Dlzrc) (red) 
w 
ul 
G 

2 Benzene-acetone 
-.l 
N (4:d 

ii! 
A 
0 Benzene-methanol 

(911) 

Chloroform-methanol 

(97:3) 

Chloroform-acetone 

(3:1) 

Bush LB? r/AS5 

Hesane-ethyl acetate 
(24 

Benzene-ethyl acetate 

(317) 

S-O-CT; - 34 96 
B-V 20 17 72 
B-V 20 19 5S 
S-V-CF IO 10 62 

S2 

59 
4s 
53 

6s 60 5s 47 15 
45 3s 37 29 10 

3s 3* 29 22 7 
42 34 31 “4 s 

S-0-CF 
B-V 

B-V 
S-V-CF 

- 

20 

20 
IO 

42 92 
21 74 
2-t 62 
IS 62 

S7 
65 
j2 
57 

65 
6S 

57 
57 

61 

63 
53 
j3- 

70 
47 
3s 
42 

t S 
i7 
42 

43 

39 
35 
33 
37 

34 3s 
26 32 
3- 

ii 
26 

31 

32 
24 
20 

26 

S-0-CF - 33 95 6S 62 -10 32 ‘-?g 34 32 
B-V 20 20 77 73 6S 54 2s r3 39 30 
B-V 20 25 62 5s 56 47 2s 22 32 27 
S-V-CF IO 19 60 54 50 42 31 30 34 30 

S-0-CF 
B-V’ 

B-V 
S-V-CF 

20 
20 
IO 

4s 100 

21 77 
24 60 
20 65 

100 

72 

2: 

100 77 67 53 j7 45 20 

6s 57 5-l 47 46 3s IS 
j:! 43 42 35 3-l ‘, - I2 

56 -IS 45 -10 3s 3; *5 

S-0-CF - 

B-V 20 

B-V 3h 

S-V-CF IO 

4s 45 45 36 3s 19 
60 -IS 37 I- / IS 16 
5s 49 40 20 21 17 
60 50 41 17 16 14 

S-0-CF 
B-V’ 
B-V 
S-V-CF 

IO0 95 
69 63 
53 49 
5s 53 

S-0-CF 
B-V 

B-V 
S-V-CF 

- 

20 

20 
IO 

- 

20 

20 

IO 

32 
I” / 

16 
I” I 

2s 
1s 
"0 

15 

100 

E 
62 

40 
16 

IQ 

‘4 

IO.0 

;ii 

60 

100 95 
66 62 

50 4s 

55 50 

S9 
54 
42 

45 

S9 
53. 
40 
44 

99 
jS 
4s 
jr 

90 
jL? 
42 
47 

15 
s 
9 
7 

SL? 
4s 
39 
43 

so 
-_ 

ii 
4s 

<O 9 

5I 

39 
46 

73 
4s 
35 
40 

0 

0 

0 

0 

7s 

47 

37 
43 

73 

;i 

43 

25 
‘3 
S 

24 

IS 
IO 

S 
9 

3 
3 
3 
2 

22 
IO II) 
II 

. 

13 ? 

20 P 

IO 3 
IO 

13 
z 
i; 
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of the solvent seemed to be continuotis. It was therefork considered that this speciiic 
change in the rate of movement of the solvent front is an apparent one that appears 
only at the front and ,there could not be any special dhange in the amount of flowing 
solvent. 

Tks change can be interpreted as follows. As already pointed out by BRENNER 

et nZ.lO, the amount of solvent retained (amount of flow) per unit area of the thin 
layer shows a sigmoid vcariation and the solvent front becomes concave as shown 
schematically in Fig. 4. When this front teaches this side of the upper edge of the 
spacer, the solvent front profile is disturbed owing to a decreased supply of the solven$ 
vapour from the filter-paper and with the start of evaporation Irom the upper volume. 

Area of samDIe 

Solvent retention 

Pig. -(, Vertical section of the thin layer, 

This results in a decrease in the solvent in the front and movement of the front 
becomes apparently slow, even when the solvent is supplied continuously. In Fig. 4, 
the parts marked a and b are due to the spacer area. When the apparent solvent front 
reaches the point b, the true front will have moved to point p and the Rp value 
read at the point b will be larger than the true Rp value for the hypothetical front 
at p. In the CF type development, therefore, the solvent front will be hidden by 
the spacer area but if the development is discontinued before the solvent front reaches 
the upper edge of the spacer, the RF value measurement will not be disturbecl by 
this phenomenon. 

In order to find the effect of the variation of the RIP value between conventional 
and CF type developments, comparative examinations were made of the RJ,- values 
of the dyes of NEHER ct al.*2 on c7. silica gel tllin layer, using various solvent systems. 

“’ Results of this experiment are sunmzarizecl in Table II. 
It can be seen from Table II that the RF values of tile dyes used as samples 

’ decrease in the order of S-O (S-O-CF), B-V’, S-V (S-V-CF, and B-V) types with all 
the solvent systems used esccpt the Bush system. The rate of mobility is dependent 
on the degree of vapour saturation and the rate tends to increase with incomplete 
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saturation. The above or&r of XF values is entirely reversed with the Bush systen 
solvent. However, in all the solvent systems used, including the Bush. system, the 
specification of the S-O-CF type is similar to that of the S-O type, and that of the 
S-I/-CF type to that of S-V type. The results obtained with the latter types were the 
same as those obtained with the B-V type. The B-V’ type is a standard procedure 
IIOW widely used and the RJP value obtained by this procedure lies between those 
for the B-V and S-O types, which show poor reproducibility. 

The best feature of the S-V-CF type is the acceleration of developing speec 
after the start of continuous flow. For example, movement of STAHL’S standard 
dyes11 using benzene as solvent on a silica gel thin layer gave the results shown ir 
Fig. 5. In the S-V type clevelopment, the curve became linear until the solvent froni 
reached the top of the thin layer and the movement then stopped. In the S-V-C.6 
type, on the other hancl, the curve became concave during development, with the 
flow point (IO cm) as the node, and the developing rate was accelerated compared 
with that of the usual ascending method; the rate became much faster than in any 
other existing method of development. In the standard method proposed by Stahl, 
the developing distance was limited to IO cm but it was desirable to continue the 
development further. In the S-V-CT type development described here, development 
can be extended to any desired distance as long as the solvent is supplied continuously, 
so that the method is very effective when a volatile solvent is used. By placing a 
heating wire on the back of the plate at the position where the solvent front rises 
or by blowing warmed air on to the gel layer, solvent systems with unsuitable 
volatilities, such as the Bush solvent systems, hutanol, acetic acid and water, were 
readily evaporated to give favourable chromatograms. 

Recently, DE ~HEUW 20 has reported a new type of developing apparatus 
which is characterized by a “vapour-programming chamber” as well as “continuous 
flowing’ ’ of the solvent, and its separability is thought not to be due to “vapour- 
programming”, but to “continuous flowing”. For instance, lie reported the first 

Solvent: benzene 

0 20 40 60 80 100 120 140 160 180 200 220 

Time(min) 

Fig. 5, Speccl of migration of dyes on silica gel layer. 13x5saturation tinic of S-V ant1 S-V-CF 
IO min. Solvent: bcnacnc. 
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separation of a mixture of indophenol, 4-nitroaniline and Sudan Red G, which 
cannot be resolved by the usual techniques, by using this continuous flow develop- 
ment system with a benzene-chloroform mixture as the solvent, However, we obtained 
better resolution of the three components with our apparatus, LX, snturnted continzcozls 
jZozer type or S-V-0 type developing apparatus, using the same sample and developing 
time (110 min) as DE ~@EuW had reported. NIoreover, DE ZEEUW’S apparatus is a 
horizontal type and the procedure is rather compli&ted, while our ascending method 
is more simple and reliable. 

As has already been reported lo, the concentration of a sample component 
can easily be achieved with the CF type, and the S-V-CF type development can be 
used as a useful method for fractionation and purification of sample components. 
Actually, this method was used for the successful quantitative sepcaration of steroid 
samples. 

It was found that in the S-V-U type, concentration of the sample components 
occurred in a position a few mm above the upper edge of the cover plate, The position 
of the concentration is determined by the equilibrium between the solvent ascending 
by capillary action of the carrier and the solvent evaporating from the car- 
rier, and retardation of evaporation is probably responsible for the position 
of the concentration observed in the S-V-CF type. In the lower part of the thin-layer 
plate where solvent retention is great, i.e., when a short cover plate is used, evapo- 
ration of the solvent becomes relatively slower and the position of the concentration 
becomes higher. For example, the distance between the edge of the cover plate 
and the position of the concentration found in the hexane-silica gel system is listed 
in Table III. 

As stated above, the S-‘I/-CF type development method has many favourable 
features not Found in existing methods, and these points can be summarked as follows. 

(I) The S-V-CT; procedure is simple and reliable and gives highly reproducible 
results. 

(2) In the new apparatus, a special cover plate provided with a lilter-paper 
or glass-fibre paper on the inside surface is used and a long pre-saturation with the 
solvent vapour is not required. At the same time, development speed has been 
increased and a good separation is effected. 

TABLE III 

HElGWT OF THY3 SAMPLE RETENTION FROM TI-113 TOP EDGIE OF THE COWER PLATE 

Solvent : hcxsnc. 

Depth of 
immersion 
(mm) 

Time aftcv the Hoiglrt of the sampla ~vcte~~tiora from tlrc 
solvent frout reaches top edge of the COVPY plate (m)a) 
IIre top c&c 

(1Wi.M) Dislmcc from origiu to top ldgr of tire 
COVCY +lnta (cm) , 

v 6 20 “-a5 5-O 5,s 7-o II.0 
30 2.5 5*0 60 I I .o 

Y 20 2.5 5-0 60 2: I I .o 

30 2.5 -I-*0 G.o 0.5 11.0 

IO 20 2.5 590 7-o 7.0 11.0 

30 2.5 5.0 780 7,O I I.0 

-- -- 
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(3) In the existing method, the developing distance is limited to IO cm, 
but in the present continuous flow system, the development can be carried out to an 
unlimited extent when a volatile solvent is used, as long as the Solvent is supplied 
continuously, The separation is more efficient. 

(4) In this apparatus, the once-diffused zone is concentrated and narrowed 
into a line for effective separation. This makes extracti.on and recovery of the sample 
easier, by simply scraping out the carrier. 
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