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Previous studies have indicated that a load of 0.021 W/crns is tolerable for 
electrophoresis with thin-layer plates of cellulose2 or kieselguhr G3 for periods of up 
to 15 min. A lower load is recommended for longer electrophoretic runs2.3. Despite a 
build up of heat, the above loads may be exceeded, for example, the electrophoresis 
of food dyes on kieselguhr G has been found to .be satisfactory for z h at an initial 
load of 0.026 W/cm2 and for 15 min at the greater initial load of 0.041 W/cm2 (ref. 3). 
However, these ‘increased loads bring about a quicker breakdown in the electro- 
phoretic process and, unless steps are taken to dissipate the heat that is necessarily 
produced by the passage of current, there is a rather severe limit to the load that can 
be used. 

It is true that the heat produced can be diminished by diluting the electrolyte 
thus lowering the current passing,, but a common practice, developed initially for 
paper electrophoresis, is to place the thin-layer plate on a cooling plate through 
which water is ci&ulatedn-O. Where extra cooling is required, passage of brine through 
th_e cooling slate has been recommended0, and prior nassage of the coolinp water D .r----- ----- 1~ ------a- - - -----a 
through a refrigerated thermostat has also been employed;. 

With the trend for thin-layer electrophoresis to be used for fingerprinting 
studies on amino acids and peptides, there is the tendency for the thin-layer electro- 
phoretic process to be carried out at higher voltages. The availability of suitable 
methods of dissipating excessive heat is, therefore, a matter of prime importance, 
atid it is for this reason that the present investigation on the 
thin-layer electropkoresis has been carried out. 

dissipation of heat during 

ESPERllMENTAL 

The thin layers (250 p thick) were prepared from a 
propriate support material in 60 ml water with a Shandon 
Spreader and dried at 105 O. 

slurry of 30 g of the ap- 
“Unoplan” Leveller and 

The electrolyte solution was 0.05 M aqueous borax (~15 9.2). 
The Shandon Constant Voltage Power Pack was used for the experiments in 

conjunction with a specially constructed horizontal electrophoresis tank made of 
Perspex and provided with a specially thin bottom (1.5 mm thickness) to the bridge 
compartment to facilitate the conduction of heat. 

* For Part IL of this series, see ref. I. 
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For the experiments in which cooling was employed the electrophoresis tank 
rested on a prototype 4 x 6 (15 A module) couple “Frigistor” thermoelectric stage 
cooler (20 x 12.5 cm) through which tap water was circulated. When in operation 
the cooler was connected to a “Frigistor” 1503 D.C. Power Supply of maximum 
01utn& TL A nnrl 3 17 pub &3”’ ct.&a&& 3 * . 

A few experiments were conclucted with the glass plate supporting the thin- 
layer resting directly on the “Frigistor” stage cooler by using an electrophoresis 
tank from which the bottom of the bridge compartment had been removed. On 
these occasions the stage of the cooler was electrically insulated by painting with 
a solution of polystyrene in chloroform. 

The thin-layer plates were saturated with electrolyte by capillary action in the 
manner previously described3 and electrophoresis conducted in the usual way at 
_. -_ 
different constant voitages and with dltierent degrees of cooiing by the “Frigistor” 
cooler. 

RESULTS AND DISCUSSION 

The dissipation of heat duri-ng electrophoresis using thin-layer material as 
support has been studied at initial loads within the range 0.03 to 0.18 W/cm2. Using 
0.05 M borax as electrolyte and thin layers of kieselguhr G of 250 p thick, these 
loads correspond to applied voltages ranging from 500 to 1000 V for a 20 cm long 
piate +hnb;m nr cr. leh T7lrvn Tncnat-di~n r\C Takhlp T chnwrc Cha+ +hp lnarlc and rnncli++nnc ) I.IICbb SY, 833 I,” J” r,-d*I.. J.&~~Jf~YCI”1~ “A .& u#“IV .a. .aI.I.” “II.2 “~*..u” “*A- IVK4....&Y WI._ “vI*u*I*v**Y 

employed are among the most severe of those previously reported in the literature. 

TABLE I 

SUMMARY OF LOADS AND CONDITIONS EMPLOYED (OR RECOMMENDZD) FOR THIN-LAYER ELECTRO- 

PI-IORESIS 

Initial load Voltage Cuvrent Dwatio4a Sacbstratc Method of Ref. 
(W!cmG) (V/GlYJ) (mA /ma) CooliNg 

0.014 
0.022 

0.0125-0.0333 

0.021 

0.073 * 
- 
- 
0.076 

- 
0.026 
0.041 
0.120** 

0.088 

O.IGO 

23 
22 

10-13.7 
- 

;: 

45 
47.5 

20 

20 

20 

4: 

40 
50 

0,63 
0.98 
1~25-2.5 
- 

I.5 
- 
- 

1.6 

- 
1*30 
I .65 
340 
2.2 

312 

I 11 Silica gel G 
I 11 Silica gel G 

1.5-2 h Plaster of Paris 
15 min Cellulose 

1h Silica gel G 
5 min Kicselguhr 
2 min Kicsclguhr 

40 min Silica gel W 

1.5 11 Silica gel G 
I.5 11 Kicselguhr 
2 11 Kieselguhr G 

15 min Kieselguhr G 
30 min Kieselguhr G 
28 min Kiesclguhr G 

7 min Kieselguhr G 

None 
None. 
None 
None 
Water 
Water 
None 
Refrigerator at 

-_I” 
None 
None 
None 
None 
Water at 6.5’ 
“Frigistor” 
“Frigistor” 

7 
10 

IO 

: 
II 

Present work 
Present work 

mw 
* This fiuarltn mlqi-ep. +.n nenq.r-xf.ions auofxd ly.~ RITSCI-LU~ but this autllor also claims that ” i:, .,.***., *‘Dwa’ -_..ir___ __ __rc_c_____- .~__ - ~., _, 

‘water provided sufficient cooling for loach withm the range 0.071-0.200 W/cm2. 
** Using Desaga Thin-Layer Elecbqhorcsis Tank with Shandon Constant Voltage Power 

Pack. 
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E.@erinzents with bridge of eZectro2!&oresis tanlc resting on "Zjrigistor" stage cooler 

As stated above, the procedure adopted for the electrophoresis was that 
normally employed, except for the use of the “Frigistor” stage cooler for exercising 
different degrees of cooling. Typical results obtained in these circumstances are 
summarised in Table II for thin layers of kieselguhr G using 0.05 AL? borax as electro- 
lyte, Similar trends were also observed for thin layers of silica gel G and alumina G. 

T4 ic rlncav- 4rnm Tc~hln TT 4hcnC ,,~,a nG 41-m c‘17r;~i~4r\r” cCaa* rnnlnr IInnPnAP1~1.1 .a.- 1.J WI”u8L .&I”IIA a. U”Ib. .a.* b1L.cL.l. u.a.d “.a. CIA” * Aa~aYc”I a bU&Y b”“IcI& wJ/pJI ~~&cA”~y 

extends the length of time during which electrophoresis can be successfully carried 
out at the loads studied. At the lower applied voltages, moderate cooling output by 
the “Frigistor” stage cooler is adequate for dissipating the heat produced. I-Iowever, 
at the higher applied voltages, a cooling output approaching the maximum by the 
cooler serves only to extend for a short time the period for which electrophoresis can 
be carried out with 5 cm wide plates before the electrophoresis current rises to the 
maximum of 25 mA permitted by the Shandon Canstant Voltage Power Pack. 

It is, of course, possible that the cooler is potentially capable 
the heat produced at higher loads. However, since a likely application 

of controlling 
of the present 

TABLE II 

EFFECT OF VARIOUS DEGREES OF COOLING BY “FRIGISTOR” UNIT IN DISSIPATING 

DURING ELECTROPWORESIS AT CONSTANT VOLTAGE 

HEAT PRODUCED 

Support: lciesclguhr G (250 ,U thick) ; clectrolytc: 0.05 M borax; plate dimension: 20 x 5 cm. 
- 

Vofta.ge IniliaC load Load after Go mi,u ’ ‘Fvigistov” Temperature 
(V) ( w/cmq u.nless otkcrwise setting change on surface 

“,“,“rl Jcucvw (n”) Gf ii g&s j+i;lii.ts 
(W/C?vz2) rest&~ on tJ$e 

bridge 
com~arlment 
(“C) * 

- 

500 
500 
500 
500 
Go0 
Go0 
Go0 
boo 
700 
700 
700 

E 
so0 
SW 
800 

1000 

1000 

0.031 ’ 

0,035 
O-03 7 
0.042 
0.03s 
0.050 
0*0.55 
0.060 
o.ogG 
0,070 
0,077 
o.os4 
o.oss 
o.ogG 
P. rr.P v. I”” 
O.IIG 

0.160 

0.180 

0.030 

0.042 
0.048 
0.120** 

0,044 
z.;f$** (90 +n) 

0.144** 
(75 mln) 
(20 min) 

0.081 
0.x72** (30 min) 
0.172:: (15 min) 
z.;;;** ( 7 m?n) 

(2s mm) 
o:=;; !1: mnn! 
o.+yv 
,“.~~%J~r 1 4 xi 

0:250** (1.5,minl_ 
. 

I3 
IO 

5 
- 

13 
IO 

5 
- 
I3 
IO 

5 
- 

13 
IO 

5 
- 

13 

4-G 
4-5 
s-12 

20-30 
2-7 
4-12 
s-15 

20-27 
4-10 
3-10 
7-14 

21-24 
2-7*** . 
4-12 
g-xc 

20-22 
I-2 

20-2 I 

* Recorded by covering the thermometer bulb with wet filter paper and resting on the glass 
plat2* 

These runs were terminated because the current carried by the 5 cm wide plates approached 
the*F*easuring capacity of the power pack. 

Temperature of thin layer at end of experiment was 17~. This was recorded by covering 
thermometer buib with.wet fiitcr paper anti resting on the thin iaycr. 

J. Cltromatog,, 24 (1946) 1x2-IIG 



THIN-LAYER ELECTROPHORESIS, ITT, IIS 

work is to two-dimensional clectrophoretic/chromatographic studies using 20 x 20 cm 
plates, a power pack with a current output of at least zoo mk will be required, partic- 
ularly where electrolytes of the conducting power of 0.05 M borax are used. An 
output of this order approaches those of power packs used by RITSCHARDG ,and 
STEGEMANN AND LERCN~. 

Ex$erinzmt with the thin-layer fdate resting directiy on “F*igistoyii stage tooter 
When the bridge compartment of the electrophoresis tank rests on the “Fri- 

gistor” stage cooler there are several heat insulating layers between the thin layer and 
the cooling surface of the “Frigistor” itself. The effect of two of these insulating layers, 
namely, an air layer and the layer of Perspex forming the ‘bottom of the bridge 
of the electrophoresis tank, is removed by carrying out electrophoresis with the 
thin-layer plate resting directly on the “Frigistor” stage cooler. This has the effect of 
greatly improving the cooling performance during electrophoresis as is shown by the 
typical results quoted in Table III for experiments using applied voltages of 700 and 
800 v. 

TABLE III 

COOLING PtiRPORMANCE OF “FRIGISTOR” UNIT ILLUSTRATING EFFECT OF REMOVING BOTTOM OF 

RRIDGE COMPARTMENT OF ELECTROI’I-IORESIS TANK 

Support : lticsolguhr G (250 p thick) ; electrolyte: 0.05 M borax: output of “Frigistor” : IO A; 
n1n.f~ climenninn: 20 x e cm =___- - -___ - ___-____ -- ,. ~ ____I 

Voltage 
(V) 

Loud (W/cma) 

Bottom of bridge Bottom of bridge 
com.$artme97~t in $ositio9z compartme?zt removed 

- 
Iqaitial After time Initial Afier time 

stated sta.tcd 

7oo 0.070 0.172~ 0.070 
1 

O.-lb1 

(30 min) (150 min) 

\ 0.154 
I (150 min) 

800 0.096 0.200, o.oss 0.200* 

(15 min) (75 min) 

* These runs were terminstecl because the current carriccl by the 5 cm wicle plates approachecl 
the mwcimurn measuring capacity of the power pack. 

CONCLUSION 

The “Frigistor” stage cooler is able to usefully extend the length of time for 
IM which electrophoresis on thin layers at applied voltages of 40 to 50 V/cm can be 
+ carried out. The results indicate that a power pack of high current measuring capacity 

is desirable together with a “Frigistor” stage cooler of greater cooling capacity than 
that used in tire present investigation, 
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The application of the “Frigistor” thermoelectric cooling device as a means of 
dissipating the heat produced during thin-layer electrophoresis has been studied at 
applied voltages within the range 25 to 50 V/cm for ?thin layers of kieselguhr G, 
silica gel G, and alumina G and using 0.05 A4 borax as electrolyte. The detailed results 
for kieselguhr G are presented and discussed and clearly indicate that the “Frigistor” 
stage cockier is able to usefully extend the length 
under the stated conditions can be carried out. 
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