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CH/\PTER 

THE Ci-mOi'iATOGRf\PHY OF nJ~DI Of\CTI VE· SUBSTflNCES 

. .. , 
, . . 

The chromatography 9f racHoactive substances involves; to some extent 

. .., 

. togt~aph~d •. In tr10 latter' in~tancepit 'is frequently $uffident to be able 

: to separate from each othcir only those compounds v!hi ch arC! to be detected 

by" "',:~h·"': c.~7t'\.! .• !·r· ,.,...,., ,;'.n~.,,_.1- .I'So,," ,'1. -.. . f .. .. . A. .~ l' ~ f~ J- • I _ ""' ~.qv '''''<'';1-'' ,. ..... .lne presence 0' o"cnct".mat.cria s no,; ,'1 recl.co ;,;y 
, . 

the locc,tionreagcnt is immaterial ,solo:1g as they do not interfere hrith the 

particular comp.ounds being investigated. if~ for-example,- u.'tranSamil'H1SC? 

reaction is bClnq investigated by 'the, forrn~:i:ion of a particular amil10acid 
~ . . - . . . 

from thecorr'2spcndhl~} ketoac1 d ,l chrorrJatographi c analysis of the products of 

the reaction can; f]noretbe presence ofrc5 ; dL!a 1 l<etoaci d becnu5Cl the ni n .. 

hYdrin orothel'" reag'entused to dQ~ect the, aminoacid vii 11 not d,[;t1Jct k(;to": 

D.cie! •. Thus, even if theamJrioacid possesses chromatogr'aph,ic parameters 
. . ~ :. 

. identical ~iitha k?tQacich the i1minoac'idcan be separatoly distinquis!~ed~ 

~Jhdn,:radioactfv.e slJb,stanc~$ arc us~d, hot-lever!) this line of reasoning 

no longer holds. it be~ome$ necess'arytosepilratethe compound$ in I:/hi ell 

one oj s inte r~s tetf from ill othe r coltlpoundscontai ni ng rad'j oacti vi tY!l as 

. techniques used t610catc and assayrlldioactfvity cannot distinguish bet;·.reen, 

. . ~. 

constituel1tsofthi; mixture to !>e chrbmato.gr-aphQd, ::md if radi(:c:h~~mlct11 im-
. . 

, ,putiti.escannotbe.avoidecithena solvent 'system must be chosen such that 

. tfH?re ~:rlH be. no serio.usint~rf~r'an~e frOmLmwantedcontnminants~ . In this 

chapter I"!" account ~"liii be given Of the more important r;i2thoGs for detect'ion 
-. ". ..". ".' . 

i nq chapter contains ad(;scri potion ofthe,app1 lent"ion of thc.~e techniques 
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to the pro'blem of the analysis of cali extracts follovling the incubation 

of biological systems ~lith radioactive substrates. 

, . 
HANDLING RJ\DIOr~CTIVt j1!,l\TERIAlS 

,~ 

Space will not alloH a det.li·led disc'ussion of the theor~tical uspects 

of ionizing radiation and of radioactive isotopes. It is suggested that 

, ... orkers ne\", to the use of isotopes should read one of' the many C!xcellent 
, "(1 2 3) 

books on the subject. ,. Nevertheless, there are some points regarding 

the ,manipulation' and s~orageof these materials \>/hich deserve mention here. 

Radioactive isotopes decay to half their, original activity at any given time 

in a pel"'iod,'whichis characteristic for each isotope, Knm'm as the half ... 1ifeg 

Of theisotopcs most commonly used in biological research,C14 and C1 36 hnve 

such long half-lives (about 5,600.Y~ars and 4-4 x '105 years, respectiv~ly)' 
, .. 

that decay need flot be taken into consideration. Tritium (!~3) has a half ... 

life of over 12 years. and unless a particularexp~riment is likely to run 

for a signif,icant frae~ion of this period, the hllH .. l1fe can be ignored. 

t·lith three other isotopes, however, Br82 , 1131 "and p32, the half-life 'is so 

short (36 hr •• 3 days, and 14 days, respectively) that 1t becomes ,an important 

f t h ~h 111's 1 d Tn ",, 82 1131 dp32 +b 'ac or w,en \" esc nue c.e are emp oye '. " us. I)r. • an, mus ... e 

used soon after preparation. or little of the, original activity II~nl rer.1ain. 
, ' 

j·Jhen Fe59 , I1g203, $35 and ZnGS are to bestudiod (l<lith'half-lives of 45 days, 

43 days,S7 days. and 250daYS"~Tespectively), the position is intermediate 

bet\'1een the th'O extremes munti oned above. 

I'n addition to 105S of materials due to decay, care must be taken to 

avoid radiation decomposition when substrates 'of very high specific activity 

are used. Hi gh sped fi cacti viti compounds are frequently best stored 

in V<1CUO at low temperatures as a thin film of dry or frozen nnterial spread - .. 

II 

. ' 



round th~ ~Bl1s of the containing ve.sse 1. , In the case of substances supplied 

bial contamination; etc~ 
.. . 

. and ilre ciftc:n ,chcup~r hihe,n pur~hl!~~cd 4~n lc..rgcn~ ·n!itOunts -i~h{ln l:{ould no"rmal1y 'be 

r:.1diation present C1 hC:L(;I.t'd to he~lth; the variOLl~ 

r;;ust he taken to avoidd'.11etcriou5 effects to 'theinvestig?toi" (;',Ino is <1;,jai"'!~ 

. , . ' , 
..r.: " 40'" >... '" . ''''f . , oerOY'Q Url5USpCC ... 1i1!] per~Qn:,) co.n DE! arect0fl. It i.s ttseful to "h?lve availabl:-= 

qlrtckly located and ,jsoJat~d~ una contarrrination 911 thf'~ skin ·of the opera"t:o\" 

movalo 

must Gcc.O'.lnt 



manipula,tion., For insta,nce, vJ'he.n 'laben~:d bicul"'bo:1a,te' or acetate ar? used 

run in .an acid so1'1entlO) active carbon dioxide a,nd ;~cetat(: may be released 

into the atmosphere. If labe-lied aminoach!s nrc tre~.t0dwith nihhydrin S(YfllCl '. 
, re lease of carbon eli oxi de from th~ carboxyl groups occurs. 

Solu.tions of radioactive 'materials should never be pipetted by'rnoutho 

for the s:na11 VOlvlIT1csof soiution used in chrotlatQgr~,ph.Y$nricro-p.irettes ilre 

available ~"1hiehobviate suction by mouth. Those of thE;; Lang-Levy constriction 

. type are ecctlratcly caiibrat0d tC) hold or doliv0l" various sr:1all volumes' of 

liqlJ1 d and are fi lled and e!;'lptied by means of t\ l"'ubber tube and firHJer 

. - . . 

controlJed outfim1 cfliquidfrom tfH}l'll is diffiCUlt. In prcctic.:~ syringe..,. 

controlled untri1mi era trans fer pipettes calibtated to one mark. {lnd avr.dl;;,b 1e 

in a range of volumes fi~om 1 or 2111. to. 500 ul.? givQ more siltisfnctory 

pettcs 

Ildmi ra~ iy suite,a to chromatography.', Syringas c;~.n be mnde by fitthq a short 

ien~rthof thick~~';aned pii.lsti:c tuL'lio9 over the Luer fitting en a standard 

·1 mi. tube'rculinsyringe. ~~hen larger volumes lj,re to be applied to chromG~ 

.to9ran oj"'igins~ the syringe may In heldina c1nmp~ t;rlth the Doiflt. rcst'1ng 

on th!?origiri of thechromato~Jram9and small volumes of iiquid rr.:rjociiq'i1y 

expres~ed onto the paper. In this case, und -in many others ~ and where ccm-

pressed air (p'refcrably filtered) is aV6iiable as. a 1abo!~iltOr"y$orV'1ce\l a 
~ t' l,· 
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the corre ct pes it i on 

.. inFig. L _Fur~hef refinc;;'lcntsconsist of an i]tiJtomatic drive to depress 

compressed air to rh)' the 1iqvi djnto ail ol"igin spot of p,~rmi tted $1 ze. 

·'UJCf\T1GN· OF Rl\D1a/~CTIVE StmSrANCES 

, . :' 

One of the siillple·st \-.filYS of finding the position of ;"ildioactive spots 
. . .', , " . ,"' , 

• on'one-di~\I:m5ional chror;1atog!~ams is to c~.ltthe paj.)er into SGction5!) el;.rt::; 

in a l~ad cattle. 1Hterna:tive1.y the eiuatc inay be count<::d 

in a scintillation counter USin9 a sdntillator so1ut'lon \til-rich .,'!'in aCC'8pt ,5. . 

. '.. ' , ,.' ( 4) ,. ~.. " . ,..... . ." ". . • ' 
reasonabH-;amount or water •. 1.f a SUfT.1C1cnt1y1a.}~nc castle .1$ dvai inble~ 

, ~. ". . 

it may b~. intq tile castie 

involves a ~rohibittve amovntcf work, with possible inaccuracies if the 

. ' 

a loss of thesuostal1ces them:;\~lw,;s for further' stlJGY once they have been 

,'. '. l' or. 1·' .. (' 0··(: <" ,; s· ···..,,·c· - ~i·'·'-~;t.t:", 'i,.,_ 1'1 ... 1.' ... ,.. 1'" ;;1,:';0 ar'/se tis .:l re.suc .. (il ;OO;} f .,t.;,) L<::i: .e::.,,~ lll..\:;t,J ftOm C"J::'C J (1i;.)tx",el t. 

,.. t'" ""thi:> ~"·I"'.;'",;".,,,,,.j.'.tv)r! ~'!f.r.l·~re- ',r:r""" :·v'~·~;·se""~·:~···I\d .. i·\I . "·hc. r''''.,. ... ·P··,''l~'l-,1 i">':: ~po, :~'. ,',:-.:- :", .• , 'J,y. ,AI,..,!..,,;;.,,: ...... .:!)"-•• ~ ..,) " u~,lr .~ .... V..,i . . 1.:,11 .... '. p .... I~J LiP," 'f,H..,;..J'-..~,J.}"' r~ i.. ..... \~,~ 

, - , 

':and in:', ;flny '¢ase both E~thoGS c~n. ·be· ,used 0i11~1 \j1~i th ',J}ie~d·i"nGnsfonal r.:hror:v:~to-



scannad 't/ith a Geigei'· .... l·mner tube moved ffiafluaiiy along the paper~ v!hicil' is 

thus counted section by settionc The tube is. connected to a ratereetcj or-

a scaler!jund the position of active spots found. i\dj£lcent areas to tha one 

cussed further in the section dealing ~lith thE'~ Scott tubf! (p. ). 

papers, is to place the chromatOf.H~am 'in contact~;!ith X-ray film for a suitable 

length of t'jmc~ and then develop the film: <!l"'eas of b1ackenin~i on the fi 1m 

'dill·corte·spond \'fith aci:ivearei.ls· on the paper.' 

i...ocat'ioil 'rrith CrcssGd-Hirc Spar(. Chamb8~~... This techrrique is disct~;;sed _______ 8_ .. - _,; t... _ 

in detail in Chapter' and }/illnot be cons 1 d0rGd furthci~ here ~ 

lo"';\· ... ..;o·) !,v AW(:..fll:mtic Scahninl1. Dev.;',:~s • ... ~ :''*';''!''''','''' 1 .... _~.- - t '" 1 ""'1 b " ':bi ..... --.... 

may be passed through or in ·front of a cou.nt"~ng tube and an 1utomatic plot 

,. ., .~. . ! ." "i of I' ., . .. t .. ,.{ , ... ' 
0'1 'Cf'!C POS1C"iSHl MlU aC1:1Vll,.} racnoaC\:'ivear-eas OD .1nnc'l oyo)nnecl,.ing the' 

counting ttibe throuqh a mtemetE:i' to a pen-r,?corder. r\trtom~,ti C sCi1nning 

.equipment for two .. dimensional chromntogl~nms h; very much r,1orc diff'icult to 

design and no really sntisfactoty ones have beendev(~loped. 

,- , l:: • .f A..'. ~ , caen 01 tncse I,.ecnnlques nas its u:acs 

. /\utomati c Chfomatocm:!m ScarmjJ1rL ---- .. ' , ~" . 

. for radi oacti vity by an automati c mtn::i)~ni ca 1 appariAtus. . Severt! 1 instruments 

chroma·tp~ram stri p( tiP to about 2 ft. lbng) i stHount,;;d Oil a 
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e:1closed The drum is .. t ,. . t I ". 
rn~a ~eo lR , S nOUSln~ 

. . 

ill:;,w"irrf;sucCBSS i Ite e,reQ$ of the chromatoqrampas t 2. slit inthc()ut't:l~ "Jail of 

the drum nou;; i ng~ . farS'ide of 

. ", . , . 
tive Hnear distribution of radioacthdty on thc~ chronatGgra11i sti~ip i~ thus 

'. " •. J " -. • -' • 

\·;hich ~reb'iosli);5~xactly.opposi te' one another: 
.. 

a' .. , r·."'·I~Ir:'.;.r>~~ 0 ...... \ .... '·.r.·I~ f;;"'i .. ,~~ rl',,_") or. r:..~,.~C· .. h, . ..... ~ 1,.'1·.··.~· ..... f.·.:" .. ~~l··j".r ... , H~.(.";, .... ;,,..,,.,.,·~,·ri,.."'''\·, ;. 'j~-"'::n "nc! '1"'''' .... ';;f ...... -~ ~~ ......... ..... .. r" J i: _ .... 11 ,j[~" .... Itf • ~A" 'J t...l, \ ... ~ ... \.J·;i\t4,t,.; .. ~·:.J.~ l?lh:;;.,.f ~~. t:a t ~ 'L£n::.-, 

. '. 

·pen .. ~ecorder asbefoi~~. This instrument has,- tl-'llJ advantaqes OV0i~. the sir:1plr:;Y' 

',.", .r.~ ) 
:-".1 I l.. 

. '.' . ' 

of'~hep"lpero ilot oni:{docsthis'in!:reilsethe tot01 ml!ribel~ of counts re'" 
. . 

r_("~(.,b_. ,,r ... \'!,>, .. tJ,f"'-:'" t'i~q.,;.~.·~ but it ~vOjd~t"'f'·,\ 'r'r'oh',oHl1 of' (;'l:Jtf':-.rr.,:->t ';n-f'·"'n-.:1 H "",c: 'JT., \J; ~r", .... ( • ,.,:'i Ii ........... ~,_ ." .... ... ., fl ........ ~J .. ,.\ ' •• \.... .' ..\. I ..... ~ .... i-' y " ........... I...,. " "".i .~ •• .,. 

Stich instruments er::lploy i'dndo~!-le5s cot.mting tub(fs for maximum .s!~nsi-

,."". .. 

along thechrorJtator!l .. am~111iCli. 'is bein9 scanned at any one ~dme; thus, the 

instr'u!nc;-nts 'usually provide several slits ~nd a ....... c v. 



Irrespective of the.slit ana drive sp(~0d 0niployed it "dH b(~. necessary 

to obtain one or more correspondence points OGh1Cen the chromatogram and 

the chart. The chilrt trl1ce is e'ither mar:ked by hand to correspond ~'Iith a 

well-rJefined pOint on the chromatogram, such <1S the origin or front\) or is 

. cnamDer. 

On laying the chroma,togram and chnrt trace side by side '.'dth their corres.'" 

pondence points in ti1ecormct positions~ the location of the radioactive bands 

on the paper 'is found.Othfr,r landmarks on the chromatof,wam (pigm2nts~ VoV. 

ahsorption, fluor-esc'encel) etc.} may 0.150 be noted on the chart as a record of 

the experiment. The are<':lS under the peaks on the chart are proporti onai to 

the quantities of radioactivity on. til'2 cht~Qmatc9ram. The instrument may be 

calibrated by including .00' a scannin9 run u strip of paper bearing one or t!10r0 

spots of known radi-oi1ct1vity~' The counting ,effidency of ~rindO\·'! ... less scanner::. 

. ~I,S ~·,h~·t -I 2'· ~f .r4·~.~. ~ftd ~ 1nW "I~Or e14• 'J._\.1Y_ ,W ::-.i v, u ,;;~'utn Ul.a. ",,·-tU'J 

Unless spots on a cnrori1atogram are ;'J1de1y separnteci, resolution. adequate to . 

dist"Inguish between them 15 extrc,1:eiy difri.cult to obtain by any type of 

but th,~ iOlriCf,thc number of eventsdet~cf;ed per unit tirn~. - • • £:--10 acnleva SUlt,-

dent resolution to o-isting:.rish bet:/ocn adjacent ccmpoundson complex chro;n:·~-

tograns of the type routinely obtained in soma Inr.t·~bo1ic studies (see fol1ow-

ing Chapter), ih which many spot$ He ~'dthi\1 about 2 mn of each othel~ and 

of emitted particles enteri n9 Stich a minute detector per unit time wouid be 

rc15tively small, demanding gre~tly prolonged .counting times nteach position 
... i . t~<·,·. 

in ora'2r to achieve any r'easol1ilule statistical accuracy; alternativr!ly, such 



dire,ctioI15. in .,(hi ell to scan the chrci'i.latogram i)!1 less the 015 tr'ibution of 

!..' • I. ( • •.•• 
'~ne spots. 1 S f...no~;n '" ~ ~1.n 1 c~ cas~ scanning becomes superflunus)~it is 

.', .' '-'. 

inevitable that no Hmtte!~ Hl which pair of dirnen.s1ons at riGht ,:mgl~~s to ' " 

each othet~ the sc~nning i·s performed. resohrtfon '\,dll be incomplete t.ml<?ss 

f ~. . 1-1 ::. 1 J.. '..l ., .; ... d ", ... ::\.: i ~. ...~. th r:; . " . spotsaresu l 'l Cien.;, y ,VI dJe y separat.0Ci antl tnqre 'd no ov .• t..,;, i ,i ng u\. .• Il., 

•. margins_ 

As n result of' these 'difficulties no ,satisTectory instrtt.menthils yet 

been constructed t~hici1~·~insi}liul·tanGoLls1'y scan and quantitativ::lycvalunte 

a t\'i()~dimension~ldlromato,gra::n. HOHever, it is possible to mellsure auto­

·.mati~alJY the radio:lGtivity (in spots from :a tWiJ-dimensiol'lai chromatogram 
.. (el ' 

. once thCS.8 !1tlVe hc:en accurately located by riHHoauto9raphy~ :J, Thes?ots· 

", ; 

then I..lm10und. automatically and passed jn a disctint'inuousmanner bet~'iCti!n t\'!(j 

.closely opp6seddetector tubeSe' Each spot remains ?tationary bett/ean the 

:detec):or tubes for a predetermined countinUP0Y'~jod. for ei~chchromatogram 

Spi)1; tbcnumber ofccunts recorded, together \·rith the elapsed timi'!,I is 

. automatical1y printed onto paper tape. iho dO!lb le banci of poiyester film 

tubes ~and the 'cycle. is l'"8:pcat-i?d. l~1though location of. the radio~ctive spots 

. . . . 

of thc"countinq itstilfpennH:s the desi'jn of experiments 'LnvQ1ving hundrcd$ '... .' \~'.' '. . . 

of<:hl~omr.d:ograms ·;ind thousands·. of spots, if· til'! s should be necessary. Thi 5 

cqi.!ipment is not currently ~v.anilbie commercially • 

.. ' 

. .., 
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RJdi otlutoqrnpiw:Use of X .. r'lY Film • . ¢ .. . 

The location of radioactive spots ~/ith X-ray film may be uscd vrtth orH.~" 
.. . ... 

·.or tr,1o-dimensional chrOlnatlJgrams~ but is particuluriy v,Jluabie with the 

latter~ as no matter hm-! a ti'lc-dimeosiona1 chromatogram is cut into strips 

for scanning o there ahiyas remains the possibil"l'i:y of ovel'lap of t~m adjacent 

spots if these l.ie diagonally in reiationto the dil"ecticn in 'flhich the str'ips 

have been cut. 

Il:'1e; of FiJ0b . The speed of the film and its sensitivity to the, ra,c1"iat"ion 

emitted by the isotope are the main considerations 'in selection ofa suita.bie 

fnmo the grain being of little account. No .. screen X;"ray films (15 me>.de by 

the usual manufacturers are the iHOSt suHable for i"adioal1togramsof ci1romato-

· grums, and as their.riame implies$ these .lH·,~rJesignecl for use t·;dthout int~nsi~. 

1::' F·· ·"tt (C14 1'3 .. ~35) ... "" f"l . ,),lng screens. or WeaK em.· ers II 1'1 ana ,) .. Sing Ie coaCCCi "j 111$ an~ 

to be prefsrred, as they should be cheaper!> the erH~l'gy of the particles is 

too 10l'J for the.i1'l to penetrate the fi 1m base and affect the emulsion on the 

side a':;ay from the pap?l'" chromatogNms II the prescnce of onlY one emulsilm Ie-

· duces the back{n~ound (fr.om cosmi crays 0 etc.) to one-hal fof thl)t \.;1 th a 

fl >~er 0 Other od .. 

,,. f· . " .. , ."- d .e' 1 l' 11' •. ~ • I' 1 vant-ages 0 51n!Jlc"CO.::l"e" .. 1 m 'N OC: /;;en;..10neCt ))8 ow. A suitable film is 

Kodak SingieCoated Nedical X-ray Film (Blue Sensitivra) from E as tman Kodt1k 
· .. 

Company!) Rochester ll Ne't; York\) U~SbA&.; 'dhen s'Ingle-cnatad X-ray fiim is not 

StOl"'aqe of FUm. Film should be stored in cool D dry f.ondit~on$~ and 

shoUI d be usr;:d before the. exp'! rati en date incH cated on the pnc~<aDe •. ?nrti-
. . 

1 ·· .... t ,. "'; ...... , f·· .. "t· '- ~ . I b ell ar CBremU$\; ne aKen ... o aVOHi ~~oring 11n vmc\"e i can ne roggccl Y 

radio-isdtopes, X-ray machine5~ etco When chrom~toarams hav~:to be exposed 

.. 



to film for prolong::!d pF.::r:iods·1 t ishest to's tore tile film dt.n~;ing.·f:xposure 

inan :.mdergt"Ound ct:! llarwileN it'i'ri 11 bc! iess subject to fo~rr~n'J by cosmic 

of the reduced backq round (v.s up 1'\:1) " 
.... .... ~ itt , ...... 

Exno$u~"e Per'focf v .Tha hmgth, .. of tir!le neGeSS,ill~Y to t':x,nose a film too 
•. \ ..... >qd 

ch rOn1Cl.tog ram of rndioac1:i ve mater; til:; depends on the aMount of act.lvity per 

unit area on the paper!) the nature, and en~rgy of 'ch~ rad'l ati on emi tted~ a,nd 

the half-lifeof·theisotope. 
" . 

1 cm/ 

the exp05ure pedod. '. ~H th tr.itium the time of ~xp'OStn"c ~·;oald be greater trH!i1 

'!Nith C1\ due to.the very 10'11 penetrating !1o,-icr, 'tfhnn'tllth p32 b0th mntll-

. ;;ionsrm 11 double ... co~tedfi1mare affectedt' and the' exposure t·trn,:'! is r\::duced. 
. '. '. . 

F, chromatogl1 {lm may contairisome· spots verymuchw:~akcr, than others II. and the 

ncti ve compounds mCl,Y fat 1 to S f1(M nny signs ~f .110 w~~,~lv PC t l'VP c· rJ~no~nnt~ ·w ..... _ .. .... ~~ j [}, \01. I.i _ .' ,II, ..... t~~, "~ 0 

. deleterious effects Oil thef'i1~ asa ~'!holo,,' Last1.'!, there 'is nousefui 

rCUlA tim,8'S the h~if-l'ife of.the is(}topeo'Exposvre for the third half-l'ife 

n, v" ' .. " ! ,~< . . C ,.. '" '.r, 1· f,.n" 'Y;';~':'i:><; '~';:;~':;,?;>'~'0~~;';< . ;'. {- ;~; ,I contr'ibtltes~m '~J'.,.rQ. e"i)os.l,e, la~tOt 01. ,6 0 } p,-,' ,-o;!jl". O ..... l..IL. c,L".t.\,.i),!.rL.::u 
. . . . " . . 
exposure fOl~ the f't fst tl'!O i~iJ,1f .... Hv(')s; the fOlirth half-lift~ contributes an 

, ..... 



Ri!di och~mi ca 1 Contami nil tion. It may be l:11:.~cessijry to ensure that the 

active ~~teri~l used (substrate) .containsno significant amount of radio-
.' 

chemical contamination; a significant .0.hlount. mil)" b~~ quit~ small. 
. ,. .. . 
r-or 111- \, .' 

"stance!> if 9, substrate contains 1 per cent of a cO;itaminant~ai1d 10 per o~nt 
, , 

of the substrate .isuscd 1fi a reaction to' produce terl equal1y active f.lrGcit!ct5~· 

then co.ch product i!1 the mi xtur<a \1ill have the S3ne tdta 1 acti vity as . the 

original c?ntaminant& ~ssumirF.1 the li.1.tter plays no part in the rc~ction. 

TiH~ contaminant may C,3USC confu31on by being incOi"rectly interpn~ti~d as a 

product of the re(J.ctior."orint·erfI;H~nce may resuit by the conteHil1n,:mt 

chromatoqraph5ng together ~'I'ith it product. In such cases pre1 im'inary :1uriTi ... 

cation of the suostr,;lte by Chl~Oil1utogr'lphy in the system t.o be used later·for 

analysis is-advisable. Afier elution g the substrate should be use~ socn if 

there 'is any evid!~ric0 that the contm:rinant pay be reformetl from the 5ub-· 

in tvw piaces (avl0.Y fron·li).rca.s like1y to conta'in spots) 'irith i~i:ldioactive ink •. 

The 5tamp may be Cf.it from a ruuber stopper and f.1n <.lS.1H)!;1lctric design is pre-

fetublc so that no cmifus ion canrcsul t bet'.'f!2!.m the. t':iQ stamps on each p~per. 

d0vcioped in .s61vent 

priate quantity of ra(!"ioac-Cive illaterial (01 1G~g .. lived isotop.e is best, to . . 

avo'l d fi~r':']ucnt preparati on of ink) ".Ii th black endors in9 ink. Enough i'ndi 0'" 

activity should be used to achieve an :.td~qua.te c;\!1Q$;';i'e in the tirn'a thut th:<? 

f'i1m v/iii be lying next to the puper. I~ simple ::;tamp fH~.d can be mild8 fron 

several jaY0l"!) of gauze cut to sbap\? nndrn:ssed into th~ bottom of a fht-

bottOr!i3.d tube; and enough ink added to gi vo a moi 5 t pad. The. l~ubb?r stopper 
:;-. 

is mounted on a glass rod bearing a cork at the other end as a handle. 
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Films' can be labelled by 1!iriting on thBrTI \'11tha hard Dendi ,pointon 

pine'ed against the pap(~r,$o as to avoid confusion. The pressure of the 

,pencil point is sufficient to form a latent ,'image on th~ film. If this is 
, .' 

"forgotten at the time, films can also be labelled ~ftgr processing by writing 

. t:' . - h'" . ~(3'" .' ... XDOSlIrc leC,n1Q.tJI.~;:, .. 
__ _ .... 0 ......... 

f . ' d . • '.''\,' .... - t to." ~ , ".. .., • b . J ~ o SHes ,an {:}QcKlngs. \,~~lng 1.0 "I $olgn COSC\I was ... age snOUH1 • e r.wo·IQef,l~ 

the nearest s,t.:mdardsll0:.1V'3iiable for, the 10 in. (is.4 effi.) square popars ' 

'descr'ibed in this book usually btdng 10 in. X 12 -in. (25.4 ('In. X 30.5 em.). 

Films ,1!re boxed envelope-wrapp(?d <1ndfolder ... wrapped. Xnthelat,ter cfJseea,eh 

'filmis inserted in a simple f,lrlp.er folder t<ihich do(~s not const.1tute a liaht ... : 

. tight cncl'oslIre. 1.";1:" •• 5 in ti1is' p"cldnl"i ·"lr~ rh{l("<nr.- .... :!r.ti a"",·~ .. ("t1·~f;>e·to".." ., ,,,,.Q '.:1 """" ', ... ~~I.M.A\~" .... , ...... , .... .... ;)ol! "", • .t "'" l!~ 

container for the.film dur'ing exposure to thecnromatogram t but folder ... , 

.' ~'/rappedfi 1m may be taken out (jfthc packet only' Lmd~\" rceom.1":cnded dark~ 

enclosed in a l'!9ht-tiqhtenvelope t0gether with n piece of ztout card. 

Durinq the exposure' periodtiia film may f:F'lKept in one of sevl.;:ral con-
" 

" 

tainl?rs.,·Ind.htidual fiim"c;hroHlatogNl1l pairs may be stared in en,v€! lopes as . . , 
. '-' , ' 

• - <",A. , ' •. ' .' "'~",' • 

mentioned (lDOV0 t or In tne SPS:Cl<l( exposure !lo1ders supplfed by photographic 

1,v.rapped fi.lm. They are. supplied in sizes appro/:lll"iate for the various sizes 

for the same pericd,o the fn:n-eoromatogr<1m pa1rs, EHlen in its foldor, carl 
, , 

a,ne tflen stored in the light-tight boxes in \:lh'ich folder-wrapp~d film is 

sold. Thr~ 1; ds of boxes should be kept sealed withadhesfvetape during 



,',: 

If such il size of paper and film is being used that it becomes necessary"-

to vlr~,p the edge of the paper r-ound the fi1m.o there is a"possibility vrith 

double-conted film of, Qotaininri an image on the back of the film due to the 

If/rapped-over edge of the paper. In tlddition the; be,cK emulsion of one film 
, ' 

may b~ ?x~o~ed to particles fram the heck of th<.: nextpapcr$ pen0trating tVto 

, layers of folder paper even with ~'1~ak emitter;; like C 14 [Inn 535 • In such 

cases it is best to place tln old sheet of' t.k::v('eio::.(~d' fill;'! bet~'!~~en C<lch f'il:f1 
4"f,< 

,of old film. 

Precauti ons must be taken with ,,(-emitters and stronq s .. emi ttersv'!h1 ch 
, In? ~s 

, are, unnece$:;a~y with v/e.ak s.;.emitters suc;;, as C ~, )"1"\ and S·J-. If' cbromato .. 

, , r>32 " '3b ~. ... I • grams bearing,' ana Cl ' G~te ~O De stored in stacks of envelopes or in 
. . ~ 

, ho:<cs, sheets' of absorb~nt mJterinl (3 mm. alum'il1~,f>l si1E'E'tira) must be inter-. " . .'" ' 

leaved b,.:?t\1Cen each chro:natogra(;) to prevent axposU!~~ of the film by parti c1~!$ 
" . 

emi tted from ad.joil:ing papGrs and p~l1etratlng the, foldets, envelopes and 

chromatograms. ,Tnn sp~cialexp{}5v.re holders 5!Jppli(;d by the manuf;;}cturers 

are baCked ,,.lith lead foil nnd this should be adeqli,Jte 'in preventing such 

cross:"contaminaUon. Ch'rormito9t~~i!nS af'Y"'0mittersrm!S1; not he stored in 

stilcks unl'3ss thick lead screens can be provided b:~ti'Jeen adjacent films, 

but must be stored flat all on tho sarno p'l<1nc, h'hen cross .. cont~minationVlili 

be minimal ,and Cuil, trl effec.t~ beifJnored. Table 1 surmnarizes a, number of 

propertios and more 'important practical details of ;:.otopes. ,t.lostcommon1y 

used in biological research. 

Although adequate contact bet\'/een film and paper may be obtained by , 

packing in an envelope or fafrly full bex many workers use weights to ma1n-

tafn a good contact. If these are used with filci kept in thin packages (~uch 
~' ~ 

as envelopes) it should be r;;;iflGFihered thilt w:dghts ~;/itl1 sh~rl'eQqes are 

'J ' 

," ',I, 



l'iable to cause pressure ri1~rking5 on the f'i1ms in the Sa1!'lB I>!i:''y .th()t writing 
. . 

on them ¥dth pencil '(Jill do, and diffuse t'!eights clJv.ering the whole: B.reaof 
. . . . 

the film tire pl~eferablc (e.g. sOlid bB.gs, or li~rfje shoets qf metal). Fi1ms 

beingexposed~ like fresh film~ must be 

from y-~~r.ii tters and X ... ray machines. 

fad Hties ere ncCCSS,:H'j'. t
·, . J1e proccs:-n no 

instructions 'f!hich arc supplied by tile fl1l1l m.:mufnctul"ers on teqtlest. During 

. proccssing~. the fi 1ms can be process~~d 'in dish0S of dQv~lopcr; \·mshing ~Iatcr~ 

is most convenient. ·Thc;se units arc supplied either in one pi!::c~ to be 

the latter, 0'[ course; bei n9 ll1t1chlcss expensi vo.. Till; fi 1ms for proce$~i ng 

are mounted in specialfn.llnes •. \tlitl1channe1- hanget's the film 511dc5 into 

groOVt~S \'lh1ch hold it onfour sides, but quite frequent1y falls out.dur"inn 

at each corJ'lei~ tlnd then IH~ld flat and r'i~rjd under tension. ~'!ith both types 

of h(j.nne)~ the films. are plucedverticillly into th(~ processing bnths~ and 

several films 11;G1.'y b(~ pl"oce:;.s~d simultwm0.Ously. 
. ~. . . 

Viewinn and Inten~tf1cation. After processinq and washinqo films are 
j,r l ,.. • _ . ., I ( . ' ," 

dried by allovdniJ them to st¢l.nd vertically oVi";;rnight (still 'in th.~·lr framcs~ 

F"·., . ·f • t 
.1 11115 milY ;)e VH!WEW 

\ , J,. 

vf.3vrin9 box: the best viei,linq hc;:es hnve f1t!0resc(~!rt lights ,;lfld ndir,\11Cr 

\ ' .. . . . .. '1· ' ferv Taint spot.z on the 11 IT! are best 
~ . . . .. di'1l 1 i <]/1 tin th~ 

. '.,,' 
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bo.ck and rorththrough a small distance th;m 'rlhl.::n statiof1.nry •. ·If for SOr.le 

reason cnly very faint· spots can be obtained Oil thE? fi im, the image can bG 

I t J! c' d h '1 ...... Th ., "1,.J· • .. 1-', .r:t ... 'n ens 1',11';:' ).J'j D ue "oning. ".1515 normill y ""one 'jmme<nO.L'?i'y i1.!"~er l.,ne 

'(:' 1 hI..' d " " t f'" ;:1:' .. 1- ' 1 • .r;:'l 1 ,j m as uC"cn v!8,Sf1e j 1 n runmng t1a ... ar (1' t,er ,I Xi nq, DlI" O. (j n ms can il so 

be intensified after soaking them in wnter for half an hour in order to 

. soften the emulsion. The directions are (\5 fo110·:!s:(6) 

Solutionl\ 

Solution B 

,Solution C 

Total volume 

. t'iater (about 20 0 e) 
Oiglycol1ic acid (a. 

oxydiaceti c tei d) 
, Sodium hydroxide . 

Water (about ~O°C) 

A 
n -

F(?rric nitrate. 9 H:,O . 
Potassium fl~or1de.~2 H20 

Water (about 20°C) 
Potass'i Ur11 ferri cvani de· 
Sbdium nitrite· 

750 ml. 

60 g. 
36 g. 

100 rol •. 
14 g. ' 
Ig. 

100 fil. 
S q. 
1 g. 

1000 rol. 

SolutionsA. 09 and'Care prepared by adding the constituents in the " 

. order given aboveo Solution B is added to solqtion l\ in2 min. ~dth stir-

ring~ Solution C i~ ,added to solutions A plus B in 2 min. with stirring. 

Stir 1 t;lin •. Thesod'iu'!Tl hydroxide and diglycollic acid act as a buffer and 

the final pH ~houl~ be abou~,5~ Potassium fluoride acts as an antifogqing 
'. . - . 

agent.1I and sodium nitrite as an anticorrosion ngent. The solution 1') re-

ported too.c stable in stoppered am:)er-coloured bottles for at least six 

months. 

The film is totally immersed in the intensifyinq solution at 20°C for 

2-8 min. depending on the d0greeof inb:msifi'cation requil~ed~ 'It fIli3ybe 
.. 

l~emoved during this period for inspection; the proceSl) '1s carried out in 

normal t~om ,lighting • . The f11!llsar~ HuStled in 1"unnino i1atel'f'forriot r.iore 
.' ." . . . 

" ' 

Or::' 
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them 5 ;nin·. and ,dri cd in the .us,u!?l 'dlJ.y 6TfH~ b 1 ackc:ned areas on the film .... ~, 

are turned deep blue and if tb~.tcs!Jltant image is viel.l/cd 'with red light!! or 

thf"ough a red fil tet4
, «11 increase 'in n 1m sp,30d of e,bout five times ca.n be 

obtai n~d; k. r>the snme resul ti ,5' produce~l after'int!i)nsi fi cation as would 

require an exposure fivetim'~saslon~!\qiti1 no int~nsificatio!"l. Tl1i5 tech .. 

· niqu!! is especially valuable when very long exposur~s \,wuld othGt"lJiSt: be 

necessary tor when further exposure 1$ pointless (;ue to the short half-li fc 

of ths isotope. 

Bavinglocated'the spots on the film ~1ith the vie'IJin~} hox~ they nre 

· ringed round · .. Iith wax poncn~ \l(hich cane(~snybo removed if necessary by 

rubbfngwith a paper tissu~ or soft cloth. Ink should not be used. as itis 

, very d,fficult to removesatisfactorily. " The otltl'ine of,' the spot is then 

,traced from the film to the paper after the tHO h.nve been lined up using 
. . . ': 

,.theink marks. Films· tend to shrink after proionged storage, and should 

.. th(:)OCCilS i on arfte, it may be nec~s$ary to expose the paperagai n after a 

long peri,cd i'F theloclltion Ofil spot is required ~lith 9rGat accuracy. o ' 

Deveioped films witil their chrcmiatograms are conveniently stored in the 

folders "in stacks. The.t,rappers. may he lahelled, and it 'is highly dc.:s·irable 

· that eachfi1m shoul d bear at least the same reference nUinber actually 

developed into ,the ~mulsion, as appears on 'its correspont:jing paper. 

Radio(1!uto(1raf,.'lhy 'of Tritium-containinG Chromatoqrl.lms. Although chroma-
- 1 -.' -, ., P ...... 

tog ram spot5 co~tai nin9 triti UGl i,ti 11 produce S'ltts factor,y radi oautograr.1s if· 

, ··suff'i cient act; vi ty is, presrwt, (7)' a techni qUi:, no.s ,been prop.osed(f3) 'tlh ich 

, ,can greatly shorten thf~cxposure time necessary for tri ti um chromntograms. 

" After devc?'lopmcnt in the soivents, the chromatograms arc dried and a.tt~ched 

by staples' in thecornars to' a stdtable backingmat':::rial (e.g. used X-ril,Y 

film). The bacldng si:eetilnd chrorfl.:ltogram art;: 1.1id hrith the latter upper-

most in a shalla;</ tray and covered withscinti11i1tingliqlJid (e~g. 3 g./1. 



, 
of lL-diphenyl benzene in sulphur-free toluene). A sheet nf fi1m is laid in 

the liquid on top of the film, takfng ~ure .that no air bubbles are trapped. 

They tray is then covered with a light .. tight and air-tight lid, anci the 

film 'left TOi" as long as necessary. The film is reMoved from the tray, 
. . . 

. (h~icd~ tlndd~v'elopedand fixed in the usual ~·my. This technique ca!i~ of 

·course.on1y be used if the tritiu;:n"cQntaining substances are insoluble in 

tohrcne • 

. ' Spot !dent{ficat'ion~' The 'chen1ica1 identity ofradiollctiv~ substance~ 

. on chromatograms ;'5 inferred in the first piace f.rom the chromatographic 

position \,.!ith thc501vent sys-temsemployed. To confirm ideni:ity§ and 

assuming that 'tncat{lount ofrnaterial on the p~per, while sufficient to 
. . 

Ctluse film blackening, is not enough to give acnemic.ll colour test, tile. 
. . . 

. . substance is eluted from the paper, .:lnd c9.:.c~r0matographed vlith authentic 

marker substanceS in :;:ufficient quantity to give a ch~mic(ll rC;'lctioo. The 

chromatogram of unknmm active compound plus ur,1nbel1cd marker is a9,~1'In 'ex­

posed to fi1m~ andafter developn:ent of the' film and the co1our test on th!? 

paper, the tvlO are accurately placed·together using the ink stnmp for correct· 

alignment. If the un!<nmm 1s identical \\lith the mark<H", the film blackerting 

.. arid coloured spot on th~ paper should correspond 1.n every detail: position, . 

SiHlpet s.ize, detaiisof,marginal irregularities, etc; this is knovm as 

1\ fi ng"'·rDr.3· ..... ~ 11,1 .. . I""" j 1111.1 ~. It may b2 dasirub1a to repe.at Co-cliTomatography iti more 

than one solvent systemo 

Chemical' treatment of active substances mo-y.be follovJed by chromato .. 

graphy of the products in the 'usualv{ay Q cxcep't thllt chanaes ~!il1 be looked 
• j' j" 

. Tor amongr~l.d1oacti:':Bsubstances, instead of among CO!~lPoundsdetec!.:ed by 

colour tests~ This can be of the greatest value in th~ isolation of minute 
, '. 
~ .~ .... ;. 

quantitiej of. substances from bioiogicai systcr:lS. in amounts ~,uitable only 
, . J 
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for '01 trami ~romanipulation. Substances gi ving only a rev,' !wndred counts " 

per'minute can be subject to many different chemical 'reactions rind the re .. 

sultsanalysed chromatograpMcal1y, i.f onb is prcparedto~~;ait long enough 

for' a fi 1m ,image' to be, formed. Further reference to thi'g, oSi1ect 'of the 

technique ~lil1 be,made in the falloHing chapter,(D. ). 
. .' ",-

Specific Radioactivit,y.> FinaUy,it must be horne ttl;mind·thillt a 
", : 

, ,su1tabie.spaciffc activity of labelled compounds on chromatograms is neces .. 

sary. " Only '~",limitcd >qllanti ty of'(t)aterial"t~'t.0r.ms of i'lcight can 'bead .. 

sorbed bYilshe.et of cnromato,gram paperjlandif too Httlo'label;1edrnateriar, 

· is used in a,s.Ystem\ihicha1rc'~~.Y contains : large amounts orunlabeliedsub ... 
. '·f 

'" " .' ~ 

stances I thcrad,ioaGtiv;ty rnay.b,etoodilute for the fHm image, to be formed 

, " , in, a ratlsonabletimc. "Fur~'1e~t' ifquantitattva,ilieasurements are to be madrJ, 
" ", . '" .:'. . • l 

by ass}lyingthe radioo'ctivity,fn the spots;~Jt'is desirable to'have 'reasonable 

ac'tivities ,'9rCOllnti09 may be prolonged vllry,greatly& and the counts subject 

'to large errors~ 

.: . .' 

CHROi1ATOGRf~PHY 

Af~erthe'positioilcf the radi oacti ve~p6ts on thechromatogrnm has been 
. , ' 

. found. the'operntor has thecholce ofdct~rrrriningthc {1illount of activity in 

each spot either by elu'ting it and counting in a,suitable system, or D)f 
. '. . . 

count1 ngdi rectly ,on the paper. , EJution,f()11 o~'l<'~d by counting has advantages 0 

,\1ith \'/eak B ... cmitta~,of'an' increaS~d efficiency compared with,coutitin~, . ,." '" .' 

, are Qai no ~mp loyed·.' , 

In manyc~seStasS!lying the spots f'orraciioactiv1ty directly on the 
'. '. . 

"j;"., ~ 

paper can beperfom~d, \.Ising the S~ott .. type Ge·~ger .. f~Ul1er tube described 

, ,. 
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below. Time is saved by doing this lI but some sens'itivity is lost with';ieak 

e .. emitters due t.o absorption of radi a:ti on in the Doper. HO'.~/cver. for most 

types of experirr~nt it is the most~~conomic vfay or determining spot activity~ 

and is non-dostructive {{f the compound under study. {ultomatic counting de ... 

~iceshave been discussed ~bove (p. 
, 
J. 

Ha 1 f-li fe and Cotinti,na 

The lengtil of the half-iife of the isotope can·be of importance in 
. . 

counting. \4ith isotope's of long half-life (C14 • C1 36 andH3) a spot counted· 
.:;: 

twice at, say, an intervalofonci1lorih~ shou1d ~hO\:i no difference in acti-

·vi-ty. but~'lith short lived isotopes there might be .considerabl~ diminution 

.. ,', of activ;tyafterthi5period.'_ThUS a spot' of p32 \'lOuldgive only 25 per cent 

- . of its orig1nal~,ctivity ,after fOur\.rccKs,I!31 only about 6 percent \1/hi1e 

;"'", 

• ',e' ,', 

Br82 \f/ould giva only 0.0002 per cent. 'A simple \'fcY to avoid compiex .calcL!'ao 
'. . , 

lations of the aiPountof .decay which has occurred up to the moment of counting 

is to prepare a standard plancnette or spot on fi iter paper of the isotope 

beina used at th~ beginning. of the period when cotmtingi5 to take place. 

The standard is then counted periodically anrl.the factor necessary, to convert 

the observed count at anyparti cul ar peri ad to the .count \,<,hen the standard -

h'as first prepared 'is calcula'ted. Thus experimental readings made at a 

certain time are multiplied by the same factor Q.S that neCeS5aT"'J to convert . 

. the standard samfJle, to the original v<llue. I'l. cor!"~ction of this sort is 

.essential if thecolintingoperations for one sat'ofresu1ts occupy <l signi-
. , .-

ficant fraction of the half-l1f~ofthe isotope., 
,':' 

. : . .~ .. 

Scott~type Ge.i O~ r.f'.lQ 11 er itibc . 

I' ihe1iCnd-'.I,indovl tubes $upplied by manufacturers usually ,IFAv~., '-'. ~iindo't( of , 
~ . , 2 . 

mica '>lith a thickness density Qf'2 mg./cm. or more. Hhen ..,teak 13-emit;dn'g 

.1, . 

... 

: ' 
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isotopes arotc be employed, and th~s.e are important'1.nbiochemicnl research 

(C14• H3, andS35), tile attenuation of radiat'lon by the \'lindohl can represent 

a considerable propor,tion of the totDL Thus, at (l \,:indo'd thickness of 

2 mg./cm/. no B-particles from trit'iurn Houle! pass into the sensitive volu!'!1e' 
• . . 14 ' 

of'the counter tubc p and wlth C' sumS'! 25 per cent would he .absorbed in the 

. '. vlindowrliatarial. In addition, mica 'dindm-JsaraV0.ry frani1e, the counter-

tubes are expensive, and have a limited iif0. , For these rea$ons the type of 

"Geiger .. iiUl1er· tube to be dcscr'jbed here has many advantag~s, for chromnto­

, qraphic use; the tube '.-lilS orig"inal1y designed in the Lawrznce Radiation 

'Laboratory of' the Unh'ersity of Califorhiallcn·d n construction,,)! diagram 

has been published by Ful1er(9} and is reproduced in rig. 2. A photograph 

, , is shown intig. :3. 

Construction. The tube is constructed from brass steck tubing D 0.25 in • 
. 

(0.64 em.) thick. ~llid2,,5 in. (6 0 35 em.) external d'iamster. The inner Sl:r-

fac,~ of the ,tubing ismach"lned {md polished to an internal ci nmeter of 

2 .• 25 in .. (5.72 em.)," A flange is fittednt the bottom, openll end'over \llh1Ch 

th~ i'!indo~t of th';n plastic film (see bela'1-') 'is fitted and held in position 

with a stout rubber O-ring. Copper tube,!; ,are prcvidBG for 9f.\S flm'l, and 

,the top of tile tube has n hole into \'!hiCh the central tungsten ,,;ire nssernbly 

is. fitted. The top may be constructed of bt:ass, but,unie5s tritium is to 

be the isotope counted, 1t is qften mOlAl? cC'snvcnient to have the top con .. 

. struc.ted of Pc.rspex so that the ,:;X(l.ct location of the counter tube on the 

,Chromiltogl~am cnn be observcd&" In ,thi s casc~hovicver,i t ; s necessary to 

fit an earth connection betwee~ the outer brass tube and th~ casing of the 

cehtr1l1 high volt.~gf~ \·lire assembly. Ail intl~r'iotmetalsurfaces of the tube 

should be highly polished, and all sh(lrf,) edqes {l,nd corners, such ,as tho 

entry ports for the gas tubes t and the bottom edi.fc, must be ""'111 :1"oundcd 
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off to prevent discharge froGl the central high tension \·lire. The p'oint of 

.the tungsten anode is insulated by a small glass bead 'rusedonto the end. 
. , ' 

A flexible cable connects the tube '{<'it!} a, conventional scaling unit: tbis 

.. ,cable should b,eas' flexjoleas possible to permit the placing of th,e counter 

tube at any pas i ti on on t~le' chromatogram. 

i;lind0\1~ The vJindow material consists of thin plastic po1yester film • ............... ~ . 

" . . .: . '.' 

'sold in the United Kingdom u,nder the trade "amf:! of !I)'1elinex A" (I.C.I. Sa1e5 

Office, 81/B7,.HighHolbbrn. London, ~!.C.l.)t and in the United States as 

,"Hylur" (E. I. DuPont de Nemours S,' Co •• Inc~, ~Hlmington 98, Dela~1are)t 'and 
. , , 

. , 

is supplied in rolls 'of seveN1 hundred yards of plastic film of varying 
. - - .' 

ytidths and thicknesses. -For use with the Scott tube, 6 in. (15.25cm.) is 
, ' 

a convenient tlfidth and the thickness requirecis 25 gauge (0.00025 in., 
, , 

O~00625mm.). haVing'.a den~ity tllicknes~of O.86mg~/cm.2 To fit the \'1indovl, 

,a (5 in; (15.25 em.) length of plastic film is cut from the roll. fitted 

"roughly over the end of.the tube, andheld'in place by the rubber O-r:iog 

stretched over its flange. The plastic is then pulled taught by gentle 

tension a"t various points round the tubt'!o and care must be taken to avoid 

\'ll"inkles in thefi'1m~ an,d 'part'icularly tear holes:. these are especially 
. ' 

likely to occur \l/I'H~re the plastic passes over,' the flange. usually when too 

great a tension is used i"hen pulling the ~rindow taught., At any time the 
. '. . . . 

'\"indcltl may be replaced in a fei-Jsecondss!1ould it becor.~ damagddorcon~ 

taminated. 

'Operation. 
. .... 

" ,'Gas Filling. , n,e counter tube is designed to be operated as a' gas .. flow. 
...... 

,." .. 

counter for two mal nreasons : in tile fi 'rs tp 1 ace. the gas fill; n9 of the 

tube needs to be replaced each t.ime the w.indow is removed, 'and secondly the 

thin plastic film itself is slightly porous and gas !l1ust:cont.jJt~04,sly,be 
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,pa5sed thl"'oughthe tube to prevll'nt the entry of air. Two types of gas fi1iing 

are possible. '·proportional gas"a,nd fIGei<,;er 9a$~nThc former consists of a 

mixture of 90 per cent argon and 10 per cent meth,,)M t and has the aclv,':mtaqe 

" ,of being rel.ltively che,ap., and the disadvantaqe ofrequ'lring a VCt~y "good, h-igh 

: vo1ta~e supply for use in the proportional region, and has an opcri1~ing vol .. 

, tage of about 2.4 kV. Many scalers are provided '(Iith high voltage, pO'1mr packs'" 

giving only 2 kV. Of the Geiger gases, "0" qtisis the one of chMce (99.05 

per cent he 1 i umandO. 95 per cc:nt i so ... butani~). but is ~xtr,em~ 1y or-pensi ve ' in 

Europe due,totrzulsportati on aCl-05S the, Atlantic Ocee,n in cyl indcrs, 
"\ \ ' , 

. .' . 

'In prftct'~ethe most convenient gas to use is helium (American Mineral 

Grade) ~ubbledthT'oughice-cold ethanol to prov1de a quenching agent (bubbling 

tube 2,.5 ,em. d1a.m., ,cthanclaboutlO Chl. deep, gas 
t 

inl·ot tube 0.14 CIH. ~ ;nt~ 

d,iarn. )., )\s thecountE!T' is not intended to b,e run for lon9peri ods in thn 

absence of ·nn operator, it is not inconvenient tomai.ntain a bubbling tube 
, , 

containing ethanol in an 'ice bath in a \ltiden(~ck vacuum flasfr. Onn or tV!O 

fl11ings lIJithice is IJslJal1y suffici~nt to cover .:l ful1 d.~yOs operation. 

The gas should flQ1t/ through the counter- tube at th~ rate of about 5 bubbles . 

. per second, 'and a long rubber tu!::c fi tted to the out1et port prevents the 

diffu$1on of air back into tht: counter tuba. '. !3eforc u'So ~ach day the tube 
, , 

. '. should be ~'/Cli flushed v-/ith tfl:~ helium-ethanol mixture (increasing the flOI'I 

.. rate to's8ve time) and then tho:: tube 15 complet,:;ly fined witbr;ounting gas 

.and the air expelled,' the ga~ fio;-: rate, eM btl! adjusted to 5 bubbles per 

Sl'~cond. Th(~ gns flO',"" tate is not cri tienl and the operator sholll d experiment 

· .but not toowa.stefulof the he 1 fum. Failure of the tube to function pro­

perly is frequently due to the r;r.~5 nO'd bE~il19 too 10\<!, In the event of the 

. counter not t-/orking l;/el1 the first things to chock <lr,?, thnt the gas flol>J is 
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. adequate and that all electrical :~onnections are tiJht. The high yo1taae 
-- ,"' .,' 

, .•• shouldba switched 'off \1heneverthc ~'lindO'~1 is crHmged or electl'"ical ccnn~c .. 

tions .dismantled. 

Plat~au •. The Scott tube has an operating p.·lateau(l ,2,3) which vllries SOMe .. 

t'lhat from tube to tube, and wi"th differ,ant gas fillings. Typical values are, 

··\'/ithtlQlt gas • a plateau fl~orii'l$550-1t80Q volts,ana tr/ith helium-ethanol, a 

. plateau f~om.' ;750"1$95'0 voits. The platoau for each tube shou1d be deter-

. mined, and ti1C ~ounter,·6pe'rated at a voltage about 100 vo1ts hi9her than 

th~ begihn1ng:of .the pfat~au. Thus, the tub2 can be satisfactori 1y operated 

\fIfth a po\.,erpackdeliv~ring only ~kV •. The platoau has ;" s10pe of about 

5 percent/lObvolts at'the operating voltage. The counting tube isusod 
. ~ . . . 

without a shield. and .the'backgroundin: the ~bsence ofA~lghboring inter .. 

·ference from x:·in;. ma'ch,i nC$,·(~tc. II i~ about ]00 counts Im'i ri, . The background 

. ,.count should betaken periodi cally during the cQtlntingoperati ons under the 

s(',mc conditions as tho 'experimcn'talcounts' are made and should, of course o 
'. ".'j 

be'subtract;cdfronrthe .~xperim~ritalvaliJes obtained in a s1milc'lr, counting 

time. 
. .' . 

'.' Standard Sample.' It' is convenient to prepare a stnndard. sample of some long-

""1ivedisotopewith\'lhichthe~-Iorldn90f the counter tu!)c may be routinely 

.' checked atth~ beginning~of each,~'1orldng day, and after the replacement of 

~. ltindO\'Is, repa; r of faults, etc •. The standard ,sample may bG prei'Hlred from 

a ,piece of.radionc!1:fveplastic.Sheet,.orby evaporating a small volume of 

a solution 'of radioactive materialonto,a flat thin metal plancliette. and 

covering the drie9 material, :~1ith a th'in layer of varnish to minimize loss 

C14 iS~su1tabl~i~ot~peious~~n , 

. ,. prep,aringa standardplanch·s·ttc, but'sh/)uJd not, of course, b(~ contained 

,f.~;. in a:volatna substance.' If :the absolute efficiency of the counter is 

" .' 

j-. ',' 

", ""-"'. , 

'".-r ,'.,! -', 

.:;:, ".\.;'. 
", c- ( 

. , ~ 
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. required.,~it is best to prepare the standar:d planchette with akno\>ln amount 

'. Jof the isotopet,o be. used exp~rilllo~ta'Jy. and then to observe the eOl.lnting 
. " . "', ' " ' ' 

,rate with thepart1c~'ar tUbe1nvolved •. If tho total activity on th(! plan-

chetteis knO'<l1n, 'thepercentage'of the total' disintegrations recorded by 

•. thecountfngsystelllcan be calculated. Forrqutineuse. sufficient radio~ 

'", a'ctivematerial sl1ouldbeplaced'on the p,lanchette -t~give a countin? rate 

'. of about. 4,000 cotints/m1n~ 'Thisis \'iell above background. and a count for . 
, ',-, ,.' :.', ..... , ,::. .', ,-" '. . ';, -. '.;:' .,: ~ ':" '.'. ' , " . ..' . ,.' ' : 

1 min. wi 11 .be subjected t~ a coincidence error of only abQutl.6 per cent. . 

. . ~ . ,,' 

, ;. 

'. Statie::Ci'Taiges:;on,:WindoW~:. It is sometimes found thnt the plastic windOl:1 

acq\1ires, a high static chargetj)arti~ularlywhen the atmosphere is very 

dr.v, and \,thenthe tube is'stal1dfn~ on certain surfaces. Thh can be foe ... , 
. I 

moved by wiping the window with a paper tissue mo.ist~ned \''Ii the'(thariol. and 
, . - . . 

, ',~ , .. 

,', .. a110'.>lin9 the\~fndo\'l to ~ry. " The window can also be clea.ned in this way from. ~ 
. .:' : :..' '" .' " 

......... '. dust." .. and sometimes from contamination as t/ell •. Some workers keep an open:," 
"C':" , .", . ','" : \ ," :' . . 

ve,sselofwater on.theboil1nthe counting, roorn~hen the humidity is very 

.' .. 10'//., It .is also possible to avoid tl-te l'roblemof static c:harges by using 
. - " . ; ,':'~.r ' '. . .' " : .... ,~ 

.:> .. ~ as \OrlndO',·m n'lllteri n.lth1n plcls tic ~heat whi chhas been sputtered on both 
'it ' .. :' .... : . . . . '.' . '. . . "~"~ . 
", \sides "'lith. a very thin fi 1m" of gold or alumin}k1t. This renders the \'/indov-I 

. ",,:,:::.'maie·ri alconductingwithout at the same time add1f19 any' 519niffcl'lntamount .. , 

~ .' 
of mass or rendering 1 t total 1y opaque •. 

.' Counting' t!lSt s,P.,o.,~,:t. Having been located by the b 1ackening on X-ray film 

. •.... (o'r other method). andthef r PO~i-tions traced from' 'the film onto the chroma· ... 
. - ,.' . ." . - . ~ , . 

'.,i '. tog ram paper. the spots ore counted simply by plec~ng the Scott-tube on the' 
':.',. , !' -,. 

','" " paper. ,and observing through the' Pcrspex top that the tube is properly 
, '. " " '. ' 

, . " , .. ', 

al1ghned over the spot. Wi th spots givin9 some th'o.usands of counts per 
,.' . . '. ~, ' ,.' , .,'. . 

. . . 

.' , 
minute1t maybe S:iff1cieryt to c~unt only'for ?nc minute. If the counting' 

., ..... 
rate is very hight' coincidence corrections should be applied. 

, ,'~ .- ..... : . . " 

For weaker 

spots it may be necessary to~ount for more thanoneminute, but in all 
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cases'it 'is usually convenientto express the activities in terms of a 

standard time unit •. often 1 min. or 1 sec. 

Attenuation of l\'ctivtl Soots. ~then spots are to be 'assayed which give counts 
. J . 

so hi gn thi'lt they cannot conveniently be counted vri to the counter (over about 

·30,000 eounts/min.) •. the activity reaching the counter may be attenuuted by 
',- '::'. 

placing a shield of a ,material suitable for the isotope bet\'IN1n the filter 

paper and the counter windO"~/. The degree of llttenuation nec(?s${lry kii11 de:­

pend on, the act; vity in the s:r,ot and the nature of. the isotope, ,and 'convenient 

'shi~ld!i m~ybo found by e;<periment. With,c14 , fer- instance,.a sheet of 
. "u~' .... .. 

a1umirii,,'1'l foil forms aStiitable shie1d and .the degree of att~nlJation can be 
. .. _'''y:, 

'. . 

'1\1 wni ~1~11 foil can also be us.ed for 535,; .• .,1 th h1 gh~r energy s-emi tters s!uch 

~s C136andp32. steel or ,lead foil ~l"e better, as aluMi~;~ sufficient to 
" '1\ 

..' , 1 

give a several-fold attenuation: is too thick for convenience. It should be 
.1 

noted that the background count is not altered with an attenllflting' shield, 

and'baclt.nrotlndsbould 'consequently be sllbtracte~j from the observed count 

before thel~tterismultiplicd by the attenu~tion factor • 

. ! Shiel din? Adjacent SP~ts.. Spots on the chromato~rt\m adjacent to the one 

beingcotlnted must be completely shieldedff they are close enough to be 

covered. \,lhol'y or' part1(111y. by the counter'lI'fndo\·I. This is most ,simply 

done by tutti:,:!] th~ spot:; out of the chromatogrnm and counting ~1'!ch one indi ... 

vidually unoor the tube. If. tt .Js desi,red to keep ~the 'lihole chromatograrn-· 
_ _ _~ __ 6 ___ , _ ........ _ .~ 

intact then mas ks are necessary to absorb the rad; ati on from th~ tlndes ired 

. spot~. Nasks to shield out adjacent spots are similar to attenuating shieids '\ 

s~ve that JOO per cent attenuation is requi red. Again t the type and thi ckncss 

.. of shi.eld materi al depends on the isotope being used, and examples of suitab le 

m(lskin\l,$ubstances are given in Table 1. 

. " 

. .. ' . 
. ~:- : 
1 1 
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Owi n9 to, the low sans i t1 vi ty of the Scott- tube for v-rays, i ti soften 

,j~:, slIffi cient with isotopesltlhichemi t both $- nnd V-rays to shield only the 
. ' . .', '."1 :: '.., 

,~,':, s"part'icles from adjacent spots to ach·tg,ve virtually complete masking. 

, . , " This, is' the case \11 th 'r131. ' 'Wi th B r82 and Fo59 about 4 ,par cent and 1 per 
~'- '" , 

cent, respectively, of the counts in the. absence of an attenuator are Db-

't~;ne~WhenthQ chromatograms are counted through a sheet of stainless'" 

"" .• ,steell rnm.thick. 'If this residual counting rate is ncceptable. adjacent 

spotsrnay be masked ~lith pieces of' sheet ste~] of ,suitable shape. ~Jhen it 

, "', is important that there should be no interference at all from neighbouring 

,",' spots, the spots to be counted'must be cut from thechromlltogram and 

',' , 
, ' 

, counted separately. ' " 

!," , 
. ''": 

. .. :, 

'., . " rlith'tryf5~· about 97.Spercent of the decay' is, by K capture of electrons, 
, '. " 

" 'v!ith accompanying y-emission,andabout 2.5 :per cent by positronemhsion. 

'. '. , There are thus -a very large number of y-raysemitted for each, countable 
.,' 

g"'~mission,· and these prevent adequate shielding even thou9hthe sensitivity 
, ", 

of the 'counter for y'';'rays is 'low~ .,A spot of zn65':';Qn;~,pnper' still ga~e 31 per . ~', \': 'J.';..... . . , '. , ....... .. ... " .. , 

. ~ , cent and 27 per cent, respectively',> of' the counti~g rate ~",i thout 'attenuator ' 
" - .', 

./' . 

" 
,' .. '" .. 

, ' 
'separately •. 

;., 

, ,Where poss1.ble,sh1elds of ~ater1a1sWhi'(;h'can~aSllY be cut to shape 

are desira~le: ;,index card ,in 'the case of C14 and:s 35 • and Io/riting paper \'lith 
',3' . 
H • ,For the counting ofr,nost ,of the spots on the' chromatogram it is, useful' 

" .' ,,' 
," 

to cut ~ut beforeh'and -a nUffl>:)er of masks of standard shapes: right-angled .. , 
~. . .' . . 

>'( corriar5 ~ two or three each of convex and concave ,~brves t etc. It isoftcn 

found" ho\'Iever. that two spot~ ·lfe so close tOgethe~, or h~va such !l\4k\'Iard 

shapes, thh'(it is difficult to deal with them unless masks specially cut .. ·. 
~r(> 

• ,I ',~~ •. 

) , 

, . ~. \ . 
,', ' 

. .... 
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to the shape of these spots are used. The shape of'such ,~s;p'ots':' carf b'e::traced 

onto the masking material and the spots cut out. Developed X-ray films 
,.'. -

'are'~lso ~ery good ma~king materiais for C14" $35 and H3, and ha've the 

advantage of being transparent~ Sometimes a spot, too large to be covered 

. by the counter at one. time mu?t be counted. ,It then becomes nec~r;$a~y to 

, subdivide the spot into sections and count these one at a time, 'IJhl1e 

shieldfngout adjacent sectiMs~lt is particularly important in these 
. .' " 

'cases to ensure that the edge of the f:1ask lies truly on the dividing line, 

otherl'1ise small areas of overlap may be counted 't~'1ice; nod, of course, 
. . .' 

, whenever.a spot is 'counted in sections , the background must be subtracted 

.. :.1..' 

'." ': 

for each sect; on counted. ,Caremus t also be taken ~,,,hcn counU,n£l 11 very 'f/ec,k 

,spot lying dose to a verys:trollg spot that the strong one is, complately 
" , 

'~. shielded. If it is' necessrlry for the counter w1noo;o,J partly to cover the 
" , ' 

,,' shielded ,strong spotl)it might be advisable as a safely pt'0caution top1acc . .... . . . .... ,' . 

double the normal amount of shielding mater'ial ,over the stronger spot, as ' 

," even a very small percentage of the activ'ity frOt~l the strong spot passing ," 

,through'the shield may'be equivalent to a large percentage of the activity 

from the weak spot. In extrema cases, \,/!mre shj elding mi qht be impracti­

cable, the vleak spot can be cut out from the chromatoqram and counted 

separately. qui te safe from any poss'fbi 1 Hy of interference from a nqi gh-

"bol,1!~in9 strong spot. 

Countinq Efficiency. Hith the lo\'Jcr energy isotopes it is desirable to 
. ," . ..., 

count each spot on bot.h s ides of the papcr,ond to aVeril()0 the readings. 

lJrlless chromatogram papors are dried several inches apart. and, this is often' 

, 'not convenient, so]vcn~ evaporates more rapid1y from one side of the paper 

, than from ,the other!, leavi,ng proportionately mON! labelled substance on 

thafside. This is not important idth strong emitters, but .,..,ith c14 • S35" 

.t' • 

. !' .. , 
" , 

'< ~. . 



'3 ., ' , 
·B.nd Ii t.ne radi a~f'on is '\;leak enou.gh' to suffer 'sari ous ,absorpti. on in the ...... 

paper'itself, resulting in a different countin~ratefrom each side of the 

paper.', !~ith WhatmanNo. 4, paper, for instance t a standard amount of a, 

'. C 14-cpntaining comPound gives only :about 33 per cent or the counts when 

,'," 
.' 

. . .' 

'spotted ontofllter paper co~parCd with drying onto a flat p1;mchette. 

,'. With H3 the corresPo'ndirig value'iS 'only about 8 per cent but ~'1ith'astr~~g' , 

'. ~ .. emftte·r(p32) theval~e rises,t~about95 per cent, and counting both 
, 

sides of the paper is hardly neces'sary. In thi s connecti on it is \'1orth 

" hoting,that 'withweakB~cmitters~ counting the origin of the chromato~:ram 
. . .' . . ' . . . 

"', : em both sides of the l),ape,r before the chrornato~lrllm is run almost i'nvariablY 

giv~sa' count hfgher thanthc SUm of all tl1C!l spots on the ~pve'!op'ed chroma", 

. ' 

. the other. or f!ven higher. . This appears to ,be due to the fact that the 

. liquid is usually dried preferenti~llY ontool'lC ~ide of the paper, resulting 

, il1 faster evaporation and more deposition of activc:.miltel,~fal on that side. 
-' .. . . 

,Further.: Inaterial' lying at the origin appears to belying closer to the 

',surface of the paper than in spots on the deve10ped chromatogram, and there .. 

is thus less nbsorpticm in the paper-itself. 

Th . ff' . f ti . .. . "'"h' t h ,..14 'd S 3 5 l' d ee 1clency.o .10 count..er \'11 \, 1S00pes suc as \,. nn ,p ace 

on a flatplanchette actually touching the 'dindov/ is about 20 per cent; 

L,e.,· about 20 per cent of all diSintegrations arn counted. This is the 

resultant vnlue of the ~jeometry of :the counting system, ~bsorption in the . , . . 

'., : \,lindm'i' material ,efficiency offon c()l1ection in theco!Jntertube itself', 

< ::'0:, etc~ , 1·1ith these blOisotppes spottecionto '~4hatman No., 4 ·filter paper the 
. . .: '. . . . . 

~ff1cip.ncY falls ,to about 7 per cent. ' With 'strong f)-emitters. the fall 'in 

'; ':'effiCi,eri~Yismuch'Jes's .~/h(m. spotted onto paper rather than onto I a~plan-
chette,and \"ork~rs interested infindirig the ratio bett'tcen counts on paper. 

" . 
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versus counts 00' a planchette are ad'~i$ed to make. their 0'.''10 determination 

for tflc particular isotope and paper being used. ;Hfferent filter papers 
. . . 

have varying thicknesses and densities. and hence varying pO'tJcrsofabsorp .. 

tiona v/hile various 'isotopes have e.missions of different penetrating pO\~ers. 

Reproducibility_ " The degree of reproducibility. of counts. til.bm with the . 

,,' Scott tube may be illustrated by the fo1iov1ing example. A spot on a chroma­

togram containing C14 'flas counted for 12 one-minute 'periods; the counter was' 

not moved betvleen counts _ . The rate of count; ng \'la~ 3,943 :. 75 counts/min. 
, " " ',' . 

rhe same spot was counted for. one 12-minute period, resulting in a count' . 

. rate of 3.9Q4 cotJntsjmin~ Tile spot \rl~S next counted for 12 one-minute 

, . __ ;period5, the couryter-' peingremoved, ftro,in thepaper after each count and re­

.,- placed as closely;aspqssibleat e~actly th~same pDsition on the paper: 

" 

. . 

'. ",the count· rate Vias 3,940 ... $6' counts/min. ' For these counts the background 
",' \..' .-. 

" 

. 'was not deducted. Tvle 1 veona-mi nute counts of" the background gave a rate 

. ·br 99 :.10 count~;r!i;in. ;vlhi 10 one 12-minute background count gave 101 
, "." ' 

:- counts/min~ Th.e reproducibility both of the electrical system and of the 
, .' , . . 

placing of the counter on the paper. using a spot of moderate activity. 

·WD.S bet~erthan !. 2p~-r cent.' The error was much higher vtith the l<:M rate 

-of backgrQundcounting.a~d this lflOUld app1y equally to \'ieak spots, countin9 

-at about the' same rate as thcbackgt"ound. 
- .. 
SCMn; n9 . One-dimensiona rChromatograms. In addition to its.'use forcountinn 

~ . -
spotson-two";'dimcnsional chromatograms .-the.Scott tube -may .also.,beus~d as 

. '. . . . . . 

a manucl) auxiliary to tile automatic one-dimension{ll- scnnner described in' 
I . '. . . 

--'-thischapter. - Usings mClsksuitable for the isotop!:,: and containing-a 

·s1it.one .. dimensional -chromatogramsT"ay be scanned by -hand,s~ct1on by 
, . " 

section. in order to lo~ate- the positions of active nreas. ifan automatic 

scanner. is hot-available' (p. -). Lop,tion of spots in this.';/uyis mor(~ 
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. ' rapi d. but lass' precise, ,than with X;'ray fi 1m, and has the advnntage that 

. the spots arc counted' at the same time as they qre loc"ted. 

Counti"11 Tri ti wrf •. vHth theexccpti on of trl t"i um, a 11 the i 5o·topes 

mentioned ~bovc may be a$s~1Yed with the S'cott t'ube as previouslydescr1bed," ." 

Tri tium remains the one exception • 'as the energy of the B-r,Hii .:;tin" from 

this nucl1 de is so low, that the particles are completely absorbed even by 

the very thin vtindow employed. Ho!,'lever.tritiuiD may be counted if. the windo"., 

is' removed. and the tube used i\5 a \,lil1dow-less counter. The tube. minus 

window. is 'placed on the chromatogram in the usual way. and time is allow~d 

to elapse until all the c.d r Hhi ell has ."entered the counting tuhe after each 

: change of position eo is St~ept out by the gas mixture: th1stakes about 5 min., 
"~' . 

,depending on tho rate of gas, flow. The isotope is then counted in the usuill 

I way, and the countermoved to the nextppsi'eion •. Time i-s saved by slidinp ,. 

thecount~r nlona the paper from one spot to the next, so·that less air1eaks 

into the counting tub~ tho.n if the counter is bodily raised from the paper 
... 

. and set do~'m nnain. itJhen us(!d ~-tithout a \'i'indow the reproducib'ility is not 

'. quite so good, and th.e gas rate ;nust b(~ cal'"efulJy adjusted to about 5 bubbles/ 

:SflC.; the riltc varies sOfll--:;what from tube to tube, and operators should find 

. the optimum rate for-theIr o\m particular equipment.· Thc ~'lindo~11ess tube 

.. is also rather sensitive to 11 ght, and if a Perspcx top is fitted, this 

should be blacked out II/hen the tube is 'used vrithout a \\findo','I. A1ternativelj;g' 

.. ' a separate, brtls~ topshouhLbeavailable for fittin~1 in the event of tr·itiuin 
'. '. '. . , ' . 

counting. orcomp'leteJy s(~paratc tubes may.be mainta.ined. There is no . 

practical advantage to be' gained in tlsing a ¥/in(!o\'fless tube for assaying 

'nuclides otherthanH3 •.. Even with the naxtwcakest i,sotope (C14), the· 

' .......... energy of the radiation -js'h"i9h en-ough to result in absorption by the windo\l# 

of not more. than about 10 per cent. The extra experimental idi ffi cul ty of 

: ... 1 1 ,. ~ 

,' •. ,': 
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,manipulating the counter \'/ithout the~"indo\'l, and the time spent \llait1ng for 

air to be.flushed Qut, is not ~1orth the gain of an.extra 10 per cent or so 
.' '., . 

in rate ~f countin9. "!~ith tritiulri.thcre is no alternative. un1ess the. com .. 

. pound is eluted from the paperi 'or ·a.liquid scintillation counter is 
.. : .. ' ........ . 

. ; ,',' 'i ,available (see paloiti), and the use of awihdo~'lless tube is necessary in· order 

. . ~ .' . , 

'. ; 

to obtain any results at all dl rect from the paper. 

The Scott, tube is thus a cheap, robust, ~nd versatile instrument to ' 

U$~)()rassaying" radioilctivityon paper chromatograms, and rendor~ unnecez­

" sarytheprohib1tive amount of tirr.e required to clute each spot from many' 

'~hrOmatograms fo'y., c~unting i~lsome other syst6m. The reprodudbilityfs 
, , ' . 

quite adequate for most types' ofbiolog;'calcr.periment, and th~ tube can be 

: .: ",'. researcl~. ' ". 
"":-

", " 

Liquids Scintillation Count-inq of Excised Chronlatooram Spots,. Pieces of 
. , 

'. ch rom 11 togram paper bearing radioactive material may be counted ~'lithout elution 

by being placed in sCintillat'ionsolut1on Ni th or without prior treatment, ' ' 
..' .. 

"wittlsolubi'lize~. (10,",12) This permits 'automatic counting of excised 

chromatogramspot:sw1thouttile construction of the c0!'l1p1¢x equipment dis-
, , 

).Aftar location of the compounds in the usual l'/ay 

, ,':with radioautography, the spot is cutout of the chromatogram,placed in a .'. , 
. -. ," .' 

.' 11qtd'q 'scintilli\tion vial and counted as described b,ytheauthors 1n·refe .. 

" .. '; ,', rimcc.s lO,~ 11or,,12.~ Counting in· this '~'lay has the ·advantage of-high counting 

efficiency' as\1en~S 'the ability to measure' t\·to isotopes simu1taneously, and, 
'.' ,.. ' 

. . 

use m~y ,also be n~ade of an automatic sample changcri.f tbis is availaole \'dth 

the counter. The di5a<!vantage is that'it may be difficu1;t or impossible to 

' .. ' ~cover the act1v(!'material'.for further study once it hilS been prepared for 

. "scil'lti'llation counting. 
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Some of the,' 

, techni.ques used for paper chromatography are alsoapp1i cab1e to thin layer' 
'\ 

chromatograms. Radio~utograms maybe made by applying X .. ray,film. en~ulsion 

side dm·m. directly to the chromatogram. "Should any difficulty be encoun- , 
:" , ' . 

tered with particles of adsorbent adhering to thefilma a 1ayer of thin 

plastics'heat (Nylar/l'iel1nex) may be interposed beb-Ieen the adsorbent and ' 

the film. 
"".i 

Counting ofl abel1ed compounds separated on thin layer chromatograms 

is}lStlall,Y' acco~plished by, carefully scraping off the appropriate part of, 

'the chromatogram into a scintillation via'1 and shc.king with scintillator' , 

SOluticm,(13) c~ntain1ng ~iox,ane and tolue~e(4'for \'/ater .. soluble materials' 

~r convention'altoluene-based solution for lipids. , The particles of adsor-

'bent are maintained 1nsusp~r~sion by ~he addition of4% Cab-O~Sil Thixotropic 

"Gel ?o\'Ider (Packard Instrurnent Co., Inc •• Dmrmers Grove, Illinois). n,3) 

This teCh!1iqUe~lay beus'ed b()th~or C14 and forH3; in the latter case f't 

,is necessary to all 0'." the sample to equf11brate for about 30 minutes with 
, , 

" ' the gelled scintillation solution before counting. Scanning devices~ ana-

l090US to those for one-dimensional paparchromatogratlls ,areaiso corum!!r .. 

ci ally availab1e for thin layer chromatograms. 

, ' ~ ; , , ' 

" .,. 
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TAm.;; 1 \.. " 

Ph'!J.~ical Propertie8 of Several Radioi8olni;·:~rt}l{i SlI(lfF'slions/or Radioo:ilt~grapllyand Counting 
. with.a S(';ofl~i!lJle (:,~i:l(i" .If iUler Tube . . 

~~~ .----~-.~--.-~"'" . 

I 
I I 

.. 1 
Maximum Hm;j.illlli i ~hit'lding for uscful Shil.'lllling for ,Collnt, Hnlo 

Half.life fJ·energy jI.(,IH'l'gy 

I 
. Adjn.('ent X·ray Exposure' Adjaccnt "pots whon Shil.'llcicd (MeV) . (MeV) l<'ilms in Period whcn Counting with I nun. . , 
I 

Stnck (days) Steel (%) 
I 

I 

I 
I 

I 36 hr. 0·465 0'55-1·3 j Nono 4·r>-7 . 1 mm. steel 4 
convenient· 

- I .5,600y. 0·155 - . X·ray film - Indl.'lx canl 0 

440,000 y. 0·713 - 1·6mm. AI - 1 mm. stoel 0 

12 y. 0·0180 - X.ray film - Paper 0 

8d. 0·33,0·60, .0·08-0·72 None 24-32 1 mm. stool 0 
0'15,0'81 convenient· 

· 45 d. 0·26,0'46 1'3, 1·1 Nonc 135-180 1 mm. steel 1·2 
convenient· 

· 48d. 0·205 0·280 None 144-102 1 mm. stool 
convenient· 

· 14 d. 1·712 - 3·2mm. Al 42-50 1 mm. flteol 0 

87 d. 0·160 - X.ray film - Indox card 0 

I, 260d. 0·32 

I 
1·11 I None 

I 
None I 31 · -

convenient· . convenientt I I 

All tho illotopes listed hero decay to inu.ctivo daughtor prlllluets I\nd henco cause no interferenee on chromatograms. 
. .. See text pcige_ , t Soo text page. . 
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Capt1onsfor Figures, 

Fi g.' 1. Spotting frame for chromatograms. Compressed ai r is blovm simu1. 

, taneous 1y over both surfaces of the paper.P,; r to the upper surfac!? 

can be turned off by a tap :''1hi'le liquid is actually being run onto 

the paper~ The air may b(~ heated by plac'inry a bunsen burner under' 

the; coiled pipe. A, 100 ul. ultramicro transfer pipette attached to 

, a syringe is' als,o shown., 

Fig. 2. 
, 1 " (4) 

Cons tructi ona di agi~am for the $cott:"tYPe Gei gar-MUller tube. I, 

/\ll measurements are in incheS (1 in. ~ 2.54 em.). ThiS figure is 

, ,',reporduccd by courtesy of the Editor of Science. 

tig. 3. Experimental arrangement for assa.ying radioactivity in chromato­

gr~\ln,sp'ots. 'From left to right: illuminated vie~/ing box for examining 

rad1,oautograms~ vaCUilHl jar co~taininq iced water and bubbling tube 

with ethanol; scaler, with Scott.;typn Geiger-r,ml1er tube in front; 

cylinder of heliulll. 

.Fiqurcs. 

riry.l: Usa the same block aSTor Fig. 25.1. page 486 of 2ndedition. 

Fig. 2: ,Use' the same block as for Fig. 25.4, page 498 of 2nd edition • 

3: . Use the same block as for FiU. 25.5, P{l9C 499 of 2nd edit"ion • 

,', 



This report was prepared a~ an account of Government 
sponsored work. Neither the United States, nor the Com­
mISSIon, nor any person acting on behalf of the Commission: 

A. Makes any warranty or representation, expressed or 
implied, with respect to the accuracy, completeness, 
or usefulness of the information contained in this 
report, or that the use of any information, appa­
ratus, method, or process disclosed in this report 
may not infringe privately owned rights; or 

B. Assumes any liabilities with respect to the use of, 
or for damages resulting from the use of any infor­
mation, apparatus, method, or process disclosed in 
this report. 

As used in the above, "person acting on behal f of the 
Commission" includes any employee or contractor of the Com­
mission, or employee of such contractor, to the extent that 
such employee or contractor of the Commission, or employee 
of such contractor prepares, disseminates, or provides access 
to, any information pursuant to his employment or contract 
with the Commission, or his employment with such contractor. 




