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EL PRELIMINARY ASSESSMENT (PAPER) 

Paper chromatograms on whkh different concentrations of various chromogens 
and ffuorogeens were separated were assessed in the reflectance and transmittance 
modes of operation in a doubIe beam, frying spot, ratio forming protoqpe scanning 
photodensitometer. Linear caIibration curves were obtained in most instances with 
the lower level of detection in the case of caIored substances being about 6.2 x IWiL 
mo!es and in the case of fiuorescent substances being about 5.0 x ICPz moTes. 

The scannkg device exhibited a stability and reproducibility as high as 
10.5 % (fluorescence) and f 1.3 % (absorption-transmission) when moderate quan- 
tities (0.5 ,u,E) of fluoragens and chromogens were separated. These values decreased 
tc) +f~.4~A (fiuorescencej and +8.5 % (absorption-transmission) respectivefy when 
much smailer quantities (25-100 ng) were separated. The assessment of separated 
chromogens by reftectance appeared in the main to be Iess satisfactory than the trans- 
mittznce procedure. 

Among the various chromatogam scanning devices built in research Iabora- 
tories or avai!abIe commercially, the-dual beam, Bying spot, ratio forming one de- 
sk&ed in the preceding paper1 was the first to incorporate aEf of the features neces- 
sary substantially to suppress noise (optical or dectrical) and produce greater sensi- 
tivity, accuracy and reproducibility (for arguments and reasons see the references 
qu@ed in the preceding paper). The performance of this machine with respect to 
paper strips has been assessed using two chromogens, one natural (phenosafranine) 
and the othec produced by the reaction of the amino acid alanine with ninkydrin and 
with a fluorophore (da& ethykmine). The coIored substances were assessed 



~ &armed) in both the transmission and relecction modes of operation of the Photome= 
while tie fluorestxm substance H’S ~med O& in the transmission made. 

The most s&&k pp,-r quality chosen ‘fcdl~iv~ng an iiIvestigafi0~ Of their 
spectra in tie ranse 3 “ma mn were those exfiibiting a IOW absorbme and flat 
spectrum (IVhaEman No. 2 ~2nd NO. 4 q~&q). tn order that t&e cbromato_=ms 
selected for assessment might be c -onsidered representative the n&Xa~ chromogen 

(SafiXlioej represented a “cleaan” cbromatogram (i.e. stained zone on unstained 

background) and the ninhydrk-alanine chromogen because it represented a cofored 
zone on a diEere_entiy co!ored background. The resuits of scanning of fluorescent 
snbstances are, for a rariety of reasons, usuz&- superior KO Bose obtaiined in the case 
of colored compounds. DansyE phenylethytamine was therefore assessed fobr corn- 
parative purposes. In this pretimimry paper a computational analysis of a c&&if 
output was IIOE atrempted, and ail analyses were efFected by a pIanimetriz evaluation 
of a~ analogue output The assessment of chromogens and Ruorogeens separated on 
other forms of chromaiographic media (i.e. sifita gel OK glass and other solid supports, 
ekctrophoretograms. gels, etc.) will be reported later. 

Phenosafranine (3,7-d iamino-j-phenylphenazinlum chloride) was purcfiased - 
from BDE (Donral, Quebec, Canada) and dansyl e+Lhylamine was a $ft from I%- 
Nikola~s Se&r (Frankkrt am iMain, G.F.R.). The paper Strip% Wdini No. 2 ad 
~0.4 (5 x 57 cm) were obta&ed from Canadian Laboratories (Winnipeg, Manitoba, 
canada). Interference flters (9 altogether) with a bandwidth of 18 Em at haEf the 
m&mum peak height were obtained from Optics TechnofoB, RedwOOd CiW, afif., 

U.S.A. They covered at eqrrzf intervak the spectral range 408-708 nm. The solutes 
dissolved in water or etbariof were diMed to provide a range of concentrations and 
then applied car&fly (no-touch teclmique, see ref. 2) as 2 smafl band (dimensions 
24 x 4 mm) in du&cate to the chromatogram origin in I@$ vofumes using disposabk 
micropipettes. After air drying, the strips were placed on stainless-steeE frames, 
transferred to Iined and insulated @ass -k&s (internal dimensions 30 x 20 x 57 
cm) and after equillbratior, at 25” for 2 h t&e solvem was added and the chrom2to- 
gr2as developed by the descending tcchlzlque. Aianine was separated during IS h in 
so!vent system A [z-buta~okxettic acid-water, 4: I : 1 (v/v)], phenosafranine du&g 2 
and 4 h -h systems A and B [diisopropyl ether-methyl e&&y! ketone-acetic a&d-wa’er, 
t7:3:10:10 (ujv)~~and dansyf ethylamine during 2 h in system C &&t petFoIem @.p. 
10~120”)-tooiuene-acetic acid-water, 2oO:iUO:255:45 (v&j]. After deveiopment the 
dansyl ethylamine 2nd pheaos2fratine chromatograms were removed, d&d in a$ 
for 30 min and then scamxed. 1~ the case of daE;syE etfIylamiEe tI1.e machine was 
operated in the transmission mode, single measuring bearm 533 m; pbenosafr,njne 
~2s assessed i3 the tF2rE%~&SiOn and reffe&on mode, r&pace &am m nm, 
measwing beam 533 W. The aknine chromatograms \vere &r dried during 3~ eri 
treated kth the nkhydrin*dmium acetate reage&’ and scanned in the bammisl 
sion and reflection modes (reference beam 6~ nm, measuring beam 500 nm> S soon 
2s PCSSsibIE 2&X d+ElC& 
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separated, were scanned in crdef to establish calibration curves and the lower limits 
of sensitivity- Later experiments included (a) the repetitive scanning of chrcmatc- 
grams on which ‘&e chromogens and flucrcgen had been separated at both a high and 
a low concentration in order to evaluate machine stabSi@ and reprcdudbifity and 
(b) the assessment of a series ofchromatagrams on which equal amounts of the various 
sclutes at bath high and low concentrations had been Separated in order to establish 
the reproducibility of the overall preparative, separative and quantitative procedure. 
Qlrantitatica was achieved by ptanimetric tracing around the peaks ccntained on the 
analcgue output from the scanning device. In the main the quaIity .cf the scanning 
records in the non-absorbing areas of the chrcmatcgram were acceptably fiat so that 
drawing a baseLine “by-eyey7 to d&x&e the base of the peak was relatively easy. 

Tyipical calibration curves are shcwn in Figs. I4. In the case of phencsafranine 
(Figs. I and 2) it can be seen that a linear relationship obtains between photometer 
response and ccn&ntraticn in the concentration range 2Q-1ooO ng in both the trans- 
mission and refiecticn modes of operation and on both qualities of paper. It might 
have been expected that Whatman No. 9 paper would have produced farger sign& 
and hence greater sensitivity because of its greater right transmissicu properties. The 
fact that the sensitivity on Whatman NC. 2 paper was skiEar, however, can prc5abfy 
be explained by assuning an increased signal dare to the greater compactness of the 



As might be eqpected a straight--line relationship was obtained when dansyr 
ethylamine was assessed (see Fig. 4) arrd a lower level of detectian was readed. 

The results Iisted above demonstrate 217 improvement of about two orders of 
magnitrrde over the data obtained by S&a~koff ef at.’ who used a time shaena duaf 
wavcIeng& (difference) machine J they in ttrrn cfaimed an improvement ef a&$t two 
ortiers of magnitude ok-er sing!e-beam Inst_~ments. 

The nprodatib2i~ of the photometer in its various operatixr modes wje 
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Fig. 4. CzIibrztion curve for dansyl ethylamine. The duorophore was sepvated on V&~tma~ No. 4 
quality paper and assss in the transmittace mode. 

respect to the di_Eerent chromogens and Buorogens at both a high arrd a Iow concen- 
tration ieve was assessed by scanning (usualIy 16 times) the same chromatogrzm. Tbe 
results 8re listed in Table f. EE is apparent that at a high concentration (note that high 
in this context is a relative term, 0.5 pg is in rear&y a tiny amount) the scanning device 
is stabfe and highly reproducible. In the transmission Mode the deviation from the 
mean was onlv -F 1.3 0T in the case of colored substances and -&O.T”A in the case of tL 
the dansyl ffuofophore. En the reflectance mode, deviation from the mean was in the 
range &3.0”/, to f4.2%. When smaller qua&ties (near the knit of detection sensi- 
tivity) were assessed, the reproducibility in the transmission Mode decreased. En view 
of the fact that the amorrnts assessed were of the order of 25-103 ng the vafues ob- 
tained (;6.4”/, to &8.5%) seem quite acceptable. Inspection of Table I indicates 
that at these low concentration levek the refIectance Mode of operation is only 
marginally fess acceptable than is the case for transmission measurements. It is highly 
probable that aff of these vakes will be much improved when the scanning signal, 
converted to digital form, is assessed by a computer whether it be a smafl on-line 
dedicated machine or a Iarge inst&ation assessing data that have been pre-recorded 
either on digkaaf tape of paper. 

The assessment of the overarE analytic& procedure was accomplished by 
preparing~several chromatograms (usualiIly 16) and subjecting them to the separative, 
and-where necessary7 derivatisation procedures, followed by scanning. The results ob- 
tzined are listed in Table II. As would be expected the standard deviation increased 

-in al1 CZSCS. Parts ofthis increase can be accounted for by variations in the chromato- 
gram thickness and homogeneity, the accrrracy of the variow pipettes, han&ing the 
chromatograms, variations in equilibration and during solvent development, derivati- 
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attributed to increased Ii&t transmission and hence less optical noise, better 
homogeneity of the medium and Improved characteristics of the separated zone. These 
more recent dats will be presented in a subsequent pnbficatioa. 

ACKNWhEDGEMENTS 

We thank the National Research Council of Carrada (VP.), the Canadian 
Medica Rese&h Council (A.A.B.), and &e Department of Kealth, Province of 
Saskatchewan (A.A.B.) for continuing financial support. 

REJYEREXCES 


