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Since. the introduction of gradiemt-clutiom chromatography by DEREECEST mmEmmy
devices-for-the generation of gradients hawve been descrilbed*- . NMost o tiese mwsewa
mixing:chamber containing a solution mepresemitimg  omne Eradiemt Hmit ffed fHronm a
nesemoitrconrtaﬁmﬁmg;a ssolution mepresenting tlve otier:limit. Spedific :gradient «mwes;
may:beobtainedeither byusing specially-shapead wesseéls ormumftiplkemisimng cmmilers™:.

During experiments - on the chromategraphy :of proteins om IDEANE «oéinlose:
filterpaper: (Whatman D.[E. 20) it hecame evident that me existine devioe couild creatre:
reproducible gradients within wery small wolumes - (r—z ml) amd .att Tow  accurately
controlled: flow rmates (T—z ml/h). The possibility - of wmsimg :a jphotodkectically «com-
trolled :gradient generator using electrolytic gas production to ypomyy e s was
therefore investigated.

The application of this device to paper chromatogragphy has  zlreadly heem de-
seribed? and ithis paper gives details of the fimal desigmn-wihich: cam prrodmoe fowwmates of
upte.40 mil/h and has provisien for the programmed sckection. off i Thmffer wessels.,
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Geéneral z'cléscmf:gbﬁom -

The: gradient ;generator consists of 4 umits.
(z) The- programmer,
(3) . Buffer-wvessel :sellector,

, (m\ The. electrolysis- wiessells,

L AR ANy WSSO

C"owstmact'z onal detail

(1) - The programmer. The programmimg wmit is shxowm im :detail bm . o. e
gradient:scanmer: light seource is a © V, 4 W lamyp (1) supplied dfnemn . amn : accmmullator.
The:vertical image of its filament is focussed on @ 2o mmm-= mumm -slit () Ty mmemms
ofta:simple lens (a.micrescope ocular) (3). Behind e st fis a.hammd guiding. a stiip

n'Fv :H:- mm- film om wihich -is Tm‘hnmmmrnm‘hnﬁl e wradiemnt fhmmcttiiom., mhvmmnmﬂnﬁ' TSI
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*“Expensesof :this iin\\xesﬁiga'ﬁio&x weere d@effrayed oy o gramt ;oo dive Neatiromal lemtiin zamdl
Medical Research Gouncil, Cambenra, Amstralia..
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CHROMATOGRAPHY ELUTION GRADIENT GENERATOR 25

through the slit is split into two beams by means of a ““Y’’ shaped ‘‘Perspex’ con-
ductor (4). This is cut out of a length of 3 cm cylindrical ““Perspex’ rod. On each arm
of the ‘Y’ is located a Philips ORPgo cadmium sulphide photo-conductive cell (5,6).
The buffer vessel programming scanner consists of a 2.5 V lamp (7) focussed on a
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Fig. 1. Mechanical and optical arrangement of gradient generator.

T = 6V, 4 W lamp 7 = 2.5V, 2 W lamp
2 = 20 X 2 mm slit 8 = OCP71 phototransistor
3 = l.ens 9 = Synchronous clock motor
4 = Perspex conductor 10 = Film drive roller
5,6 = ORPgo photo-conducttve cells 11 = Idle roller
1z = Polyurethane foam loading pad

The photocells and phototransistor are housed in a light-proof box attached to the panel bearihg
the slit and film guides.

OCP71 phototransistor (8) through a 2.5 mm diameter hole aligned with the
track’” edge of the film.
The film is driven by a Sangamo 1 rev./h synchronous motor (g). A rubber

¢

‘sound

covered 4 mm diameter brass roller (10) is sweated onto the motor shaft and supported
at its distal end by a bearing. The film is held between this and a brass idler roller (11)
which is loaded by a 7 mm pad of polyurethane foam (12).

A typical length of film is shown in Fig. 2. It is made by photographing a series cf

Fig. 2. Typical gradient functions photographed on 35 mm film. Note that the buffer vessel change-
over cue spot is displaced from the function change by a distance equal to that between the
scanning slit and phototransistor hole {3.5 c¢m in our instrument).

blocked-in graphs of the gradient function on Kodak ‘““Microfile”” film. A camera which
leaves little space between the frames (a Voigtlander “Vito’’) was used and the spaces
blacked out with retouching ink.

(2) The electronic cirvcuits. As the generator was to operate in a temperature con-
trolled cold room solid-state electronic components were used without temperature
compensation circuits. The complete schematic circuit is shown in Fig. 3. One of the

J. Chromatog., 7 (1962) 24-28
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OXRBRjygo pilvtonalls:is Binssed] so) that: the-endl ofiit: comnected . to the base of the OC28
tearssterispeEsEiice: . Ihoreasng: lightt om this: tube - increases the current through it,
wiiisthopgpesestiie negative: biascamentt setr by Ra: This reduces the collector curremt
aftier@CNwhicthisfibwingttirongtihone of (the electrolysis vessels. The otlrer ORP9o

T‘:;Hnrihmnn'l 15 'Hn‘rrmﬂ1 M\THHQH ﬂﬂn u:unﬂhn{ﬂ it tmnnmhffmﬂ it ﬁhn base of 1r]hua. nirhnm» OC»R

ttmnms{m:cma negztiice: . Inoreasimg: ligh ttom this photocell increases the negative flow of
anmnestttinoneih thieBase:emitter canouit ofthe transistor, hence increasing the collec-
terrammesntt fiwsatingr thnougih the:otlien eléctrolysis-vessel. Darkening of the photocells
Txnads i an nesversal] of f thiese: processes: . A\ differential | pair of corremts is produced and
Hismwedffifnentinllmtessoffeldotmolixtic gas-prodiction swhich cause differential fiow rate
affttieettmmbnfifes ThHe-resSstance:network:im the- collector circuits emables the rate of

.al];nﬁ-mﬂlmm fh\ﬂ:ln.mﬂﬂfnﬂq mmimhtnnnm constamt Tawn R hnmmn #hn Mmm:frnm

MNILL e

(&) ,Eiaﬁwwmél&aléd@n.’lﬂ]ﬁ&buﬁm vmllseﬂerch@n,syst 1 uses a standard fowmr
el o5y pesthiom teléplione: excoliange: uniselector.:. These are normally available im a
wiiitde rearege off poik: andl pesitiom numibers: . The-: coil! of: our: selector was rewound to
cyeretie att Tz ihstemd] off 39 W . \Wlieneverra light: area:in: the sound-track edge of the
fHtm i itenmmsed] Battweem thee pliototransistor-and ! lamp -a: current: flows throuwgh the
Tedlizy, wiliahh clbsess the: cdhomitt enengising: the- uniselector coil: The selector switch is

mnrmnﬁﬁvmawmwmmnﬂ:l Mm@ mnat e e cooriohoec: e . cnlllacttar cmrramts of e froemn aynme
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miffss toanottien-settoffelbotnolysissandi boffen vessels. .

AvwtHrennittisintendbd] fonuse-withh both cationic and anienic exchange columns
i ppogEear anze noowal! pained] contactssom thie-selector serves a.set of electrolysis and
Buffer-wesselsoffihomeasngrionia strengtth and] decreasing pH. The other row serves a
Feitt aoff wesslls off inreasng: lonic: strengthh and! increasing: pH. The change-over is
madie By atiwe pestiom switch: . The: 255 position: selector: provides a wide choice of

THeeinitinllBufers foranyymmane-seléctediby: means. of the telephone dial, which
wassconsiitreditmbetiemositfboliproofandlconvenient means of shifting the selector
cetermailiy. e thatt thee conditiom off the: selector-may: be-determined at a glance the
aomthrtss albo apsatee s settof indicaton lights: .

(ay) IHbettndlysiss audl Buffer vesseds:. These: are: & 1! “Soluvac™ salime bottles, fitted
wittth N 7mibibearstoppers: Greattcare:must e -takem to see that these are a gas-tight
Fit MHreadbatmdbsanee S mm m%mwmﬂmhnﬂﬂ1oj—3mu apan b"' gﬂuass Spacers am and the
&}lnnmﬂhtm RN HLRO), THeupperendsofitlie carbon rods are coated with petrolenm

iy topresantt “tmasn” of ftlieeléotrolitte ups thie rods. The rods are connected into the
Bmsma]ll“inﬂn@tnﬁ”dnpsn Attt thie-maxiimum electrolysis current, 150 mA, the
mmﬁmnreaﬂtﬁnwmﬂmmnsms&mnttﬁorpmlonweﬂ-penods because the principal
firtir i, thee nesisttmoe: iss eléatnode: polarisation: . Constancy of resistance is also fa-
wonmestl! By thiee lhngee waliime: off eléotrolizte;, whiose - concentration is chamged omly

ﬁéﬂnﬂmv thﬁE'n\m MF‘m—%nn Affirey nnMMBMQ

THie albatolixsgmwessal issconnedredito dits-buffér vessel by 3 mm PVC cannula and
e Bnfifar wessall linee is o 55 mom PWE cannuia, whiich) is-connected. to a glass mamifold
ittt tiw thee togpp off tHe: coliumm . Am earlien version: of: the generator wsed a micro-

J- Chromatog., 7 (1962) 24—28
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mqgmdt. .&tﬁn@hﬂrﬂkmwmmmea ((111@)—1115; mﬂll}h) Iﬂlhngsmmnnmﬁmm unmmmcessmury. :aum«dl has beem
mettammed oo gpaper oihmompattoerappiion omiiy:.
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A dhmomyathogmapihy «dmttiom wramdismtt eenermton is: diesorilbed! whick, is based wpon: a mew
Tprmciplle. 2\ pihmitogmapiin eff tie mradiont fomctnm isscammed! by two: photocells so- that
e (JIhvamgiimee gttt amdl demlk amrens offf tibe fmmethiem ane: converted! into: varying electric
ccmmrenits weiliidin qpnmxﬂhnxcns s Ty '&Mmummh\\ssns and] pump the- gradiemt: Lmit buoffers at

Tihe dieviiae s e ax&lwmnmttmg,,xes: off @ high disgree off reprodincibility in: the pro-
dimctiiom of comyplles @radivemtt shapes:. Tt is also possible,, by wanying the: overall rate
off cledtmdly=is, tho powdimre e same amradbientt fuometbom im o velme: as .smalll as 2 mil at: a
fiow matte @f = mmill/ih @ iim . wollmme: s lanme: as: 1r 1 fliowdiing: atr 4o mijh;; this makes it
possihle to comdmot ikt cgpemmeemnts on small celimmns: o iom exchange paper amd
tihem o apppiiw tie nresmilts tio Taype poepanatme: colimmmms: .
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