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ABSTRACT

Method of molecular absorption spectral analysis in visible region is
devel oped where the solution color is measured instead of determining the
absorbance of the solution. Solution color ismeasured by adigital camera.
To define the solution color, CIE RGB colorimetric system is used. A
dependence of any of the three (R, G or B) tristimulus values on
concentration is applied for finding analyte concentration. Intensity of the
light source, respectively, intensity of the light passed through the test
solution, affects the sensitivity of analysis, as well as the range of
concentrations to be determined by this method. Solutions of K.Cr,O,,
KMnO,, Fe*, Cu**, and NH," are analyzed. The analysis can be donewith
any spectrophotometer, if it is possible a digital camerato be put in the
path of thelight beam after thecuvette. © 2013 Trade Sciencelnc. - INDIA

INTRODUCTION

Spectrophotometry isoneof the oldest analytical
methods, known since 19th century, which eventothis
day isamong themost used method for chemica analys's
of low concentrationsof eements. Duringthed| period
of timeof itsexistence, spectrophotometry hasunder-
gonegreet development. A variety of methodshavebeen
devel oped, but the rel ationship between absorbance
and concentration, that all these methodsare base, has
been remained unchanged. In a Patent! another ap-
proach is suggested: to make molecular absorption
analysisinthevisblespectrumwithout measuring the
absorbance. The proposed here method issimilar to
the spectrometry becauseit utilizes spectrometric ap-
paratus, and monochromaticlight ispassed throughthe
test solution. Unliketheordinary method, for whichin-

tensity of light ismeasured, absorbanceis calculated
and concentrationisdetermined by the absorbance, for
the proposed method, solution color ismeasured and
by means of it the concentration isdetermined. Rela-
tionship between sol ution col or and concentrationiswell
known: apaler color of the solution complieswith a
lower concentration and hence darker color means
higher concentration of the solution.

Very common scheme for measuring thecolor is
the additive one. The most popular additive system,
created even asearly asin 1931 by the International
Commissionon lllumination (CIE), isCIE RGB color
system@, According toit, any color can be prepared
by mixing different amountsof thethree primary colors,
caledtristimulus. Thesearethecolorsred (R), green
(G) and blue (B). A color isdetermined if values of
R, G and B areknown. Tristimulusvalues  of each of
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thethree colorsvary intherangefrom 0to 255. The
determination of color isperformed using an gpparatus
called tristimulus colorimeter. Intheliterature® itis
shown that thedigital cameracan serveasatrisimulus
colorimeter. Inthiswork the method described inthe
Patent™ isrealized asdigital cameraisused for deter-
mining thecolor of thesolution.

EXPERIMENTAL

Reagentsand solutions

All reagentsintheanalysesare of ana ytical purity
classfication. Doubly ditilled water isused. Procedures
for preparation of color solutions, used for andysis, are
thesameasthesefor standard pectrophotometricandy-
gs.

Apparatus

Use is made of a spectrophotometer Specol-10
(Germany) with aspectrophotometrictitration device.
It has acuvettewith volumeof 30 cm?®and an optical
path of light through asolution of 2 cm. Photo cell of
thetitration deviceisreplaced by adigita camera. An
amateur digital cameraPanasonic Lumix, Model No
DMC-LS5, 14 megapixds, isused.

Procedurefor analyses

Standard and analyzed sol utions are placed con-
secutively inthe cuvette and apicture of each solution
istaken. Theaccumulated digita informationinthecam-
eraisthentransferredto aPC viaacableor acapture
card of thecamera Trisgimulusvalues  of thesolution
imagesaredetermined. Dependencesof eachtristimulus
vaueson concentration arefound and the most appro-
priate of them isselected. An equation isused to de-
scribe mathematical rel ationship between atristimulus
va ueand concentration of thestandard solutions. This
equation isthen used to ca cul ate the unknown concen-
tration.

Software

Software is created by one of the authors of the
article, specifically for the purpose of theanaysis. It
includes: removing the background from an solution
image, determiningthetristimulusvaues  of thestan-
dard and analyzed solutionimages, finding the depen-
denciesof tristimulusvalues of R, G and B on con-
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centration of the standard solutions, testing variousa -
gorithms that describe the dependence of selected
tristimul usval ueon concentration of the standard solu-
tions, showing thesered ationshipsgraphicaly and ca-
culating the concentration of theunknown solutions.

RESULTSAND DISCUSSION

A digita imageof acolor solution that iscaptured,
using the gpparatus described above, representsacol -
ored stripe, positioned vertically in the center of the
frame, surrounded by adark (black) background. Two
methods aretested to separate acolor samplefromthe
picture. Oneway isto select arectangular sectionfrom
thecolor stripe by mouse clicking. Another way tested
isby software. For yellow colored solution of K. Cr,O,,
which concentrationis75 ug/cmd, for five paralel de-
terminationscarried out by amouse clicking selection,
resultsobtained are: [x=74.8 ng/cm?, SD =0.81 ug/
cm?, and by software selecting respectively:[1x=74.8
pg/cm?® and SD = 1.46 pg/cm?. Inthisexperiment the
software method of selectingislessreproducible, but
ingeneral thismethod givesmoreaccurateinformation
ontheimage, becausethe entireimageisinterpreted,
whilewith the mouse clicking sel ection only apart of
thecolor stripeistreated. A selection with mouseclick-
ing can be an advantageif the color stripeisinhomoge-
neous, because a sel ection can be made from ahomo-
geneous part of the stripe. Therefore, both methods
can be used, but the software oneis necessary to be
improved.

A digitd imageof thesolution isderived frommil-
lionsof color dots, each of whichisdetermined by three
(R, Gand B) trigimulusva ues. An and ogy can bemade
with color and wavelength of light and color and
trisimulusvaues. Every threetristimulusvalues  cor-
respond to aspecific wavelength. It followsthat indi-
vidua color dotscompos ng theimage have different
colorsand thereforedifferent values of R, Gand B.
Figure 1 showsastatistica distribution of R, Gand B
trigimulusva uesof animage of ayelow colored solu-
tionof K,Cr,O,, having 80 ug/cm*Cr (V1).

Sinceevery singlecolor isrepresented by onevaue
of R, onevalueof G and onevaueof B, but thereare
differentvalues for R, GandaB, itisreasonableto
choosethemost frequently appearedvalues  of R, G
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Figurel: Satistical distribution of thetristimulusvalues.

and B, that correspondsto apredominant color of the
solutionimage. For distribution curvesof Rand G hav-
ingwell-defined pesks, thedominant values  of Rand
G arethese corresponding to the maximums of respec-
tivecurves. Thecurveof B differsfromthe other two
curves. It hasnot apeak, but aplateau. Inthiscaseitis
suitableto takean average of dl availablevaluesof B.
The gppropriateness of thisapproach was experimen-
tally confirmed. From the other sideascending and de-
scending branchesof thedistribution curvesof Rand G
areamost symmetrical to therespective maximumsof
thecurves, and for the symmetrica curveatristimulus
val ue corresponding to the peak of the curve coincides
withtheaveragevalueobtained fromal availableval-
ues. Thusaveraging of thetristimulusvalues seemsto
bearightway for finding tristimulusvauesof animage.

In view of the fact that final goal of thework is
solution concentration to be determined, and as the
solution color isdefined by R, G and B tristimulusval -
ues, itisnecessary to find adependenceof al three(R,
G and B) tristimulus values on concentration. In the
present work thistask issolved by alinear regression
andyss.

Figure 2 showsthe dependence of each of thethree
tristimulusval ueson concentration of thesame solution
of K,Cr,O,. Itisnoteworthy that all threetristimulus
vaues varywiththeconcentration changes, but while
trigimulusvauesof Rand Gvary dightly, thetrisimulus
value of B amendssignificantly. Thesameisseenfor
the other examplesof anaysisdevel oped inthework:
oneof thethreetristimulusva uesundergoessignificant
changeswith changesin concentration, whilefor the
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Figure 2 : Dependence of tristimulus values on solution
concentration.

other two tristimulusva uesthe changes are wesker. It
isobviousthat for finding the concentrationit is suffi-
cient to know only one of the three dependencies of
trigtimulusva ueson concentretion. From theviewpoint
of the sengitivity of analysis, itismore appropriateto
work withthistristimulusvalue, for which the changes
aregredat, instead using any of theother two tristimulus
vaues. For thesame exampleof andysis: K.Cr,O,so-
lution, concentration of 75 pug/cm?, mouseclicking se-
lection, whenusing B tristimulusvalue, resultsare as
follow:[1x=74.8 ug/cm?, SD = 0.81 pg/cm®. When us-
ingdl threetrigtimulusvauesandlinear regressonandy-
ss, theresultsarerespectively: x=75.0 pg/lcm?®, SD =
1.15ug/cm?. Thereforeandysisisnot only smpler, but
more reproducible, when using the most changing
trigimulusvaue.

It can be seen from curveB, Figure 2, tristimulus
valueof B at low concentrationshasadight slope. At
higher concentrations, the curve has asteep dope and
after that thecurvedopisagaindight. Itisappropriate
to usethemiddle part of the curve wherethedopeis
steep, theandysisissenditiveand andytical resultsare
better than when using thetwo curve partshaving dight
slopes. A standard calibration curve, such as that of
curveB, Figure2, isdescribed by apolynomid regres-
sonof first tofourth order. The order of the polynomiad
regression depends on asection of the steep part of the
curvewhichistreated.

Figure 3 showsaninfluenceof light sourceinten-
sSity, respectively of anintensity of thelight, passing
through thetest solution, on an appearance of agraph,
illustrating adependenceof tristimulusvaueson solu-
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tion concentration. All curves presented on Figure 3
areachieved usng oneand the same standard solutions
of K.,Cr,O.. Light sourceswith different intensity are
used when images are captured and curves that are
obtained fromtheseimagesaredifferent aswell. Curves
mentioned as | are from images captured when less
intensivelight sourceisapplied and curvesl| arere-
gpectively fromimages madewith moreintensvelight
source. For tristimulusvalue  of B (Figure3.1), curve
Il derived from moreintenselight sourceisshifted to-
ward higher concentrationsthan curvel obtained with
lessintenselight source. Thismeansthat increasingin-
tengity of thelight source allowsdetermining of higher
concentrationsand viceversa: lower concentrationscan
beanayzedwith low intensivelight source. In Figure
3.2 and 3.3 istraced an influence of thelight source
intensity upon  tristimulusvaluesrespectively of R
and G Curvefor R (Figure3.2, curvell), and curvefor
G (Figure 3.3, curvell), obtained with moreintense
light source, compared with R and G curves (Figures.
3.2, 3.3, curves I), obtained with less intense light
source, havehigher  tristimulus values and bigger
changesinther tristimul usva ueswhen concentretionis
changed, and also these curves arelocated abovethe
corresponding curves of R and G derived from less
intenselight source. Thismeansthat with moreintense
lighting, itispossibleto usefor theanaysstristimulus
vauesof Ror G instead of tristimulusvaueof B. Soan
advantage of the method presented istheability to ana-
lyze both low and high concentrations by changing in-
tengity of thelight source of the spectrophotometer.
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Different color solutionswereanayzed inthework,
by the method proposed. The anaysiswas conducted
withtwo light sources, with different intensity, that are
identical tothose usedin the experimenta work, data
of which areshownin Figure 3. With every oneof the
two light sourceswere analyzed two solutionswith dif-
ferent concentrations. Fiveexamplesof analysiswere
tested. Each examplewas analyzed four times (each
timewith different concentration). Datafrom theanay-
sesare presented in TABLE 1. Theresults obtained
from these analysesare not as good asthosefrom the
spectrophotometric anayss, but aknowledgeacquired
when wewasdevel oping themethod, gived usanidea
of possiblewaystoimprovetheresultsof theanaly-
sis, inour futurework.

Some statements derived from the created work
asfollows:

Proposed method issmpler for implementationthan
the spectrophotometry becauseit needsonly onemea-
surement (that of solution color) and it isnot needed
reference solution, against two measurementsof light
intengity for the spectrophotometric method.

A digital cameradoesnot only serveasalight de-
tector, but dataacquired havedirect correlation with
the solution concentration, whilefor spectrophotom-
etry adetector signa hasto befirst multiply, thento be
transform into afunction (absorbance), havingarela-
tionto concentration.

Aninclusonof adigital camerainto aspectropho-
tometer actualy createsanew separatelineof andysis.
Inthisway the proposed method become an alterna-
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Figure3: Influenceof thelight sourceintensity tothegraph curveof tristimulusvalueagains solution concentration. 3.1-
for tristimulusvalueof B. 3.2- for tristimulusvalueof R and 3.3- for tristimulusvalueof G. |-for lessintenselight source

and I1-for moreintenselight source.
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TABLE 1: Resultsfor spectrophotometricanalysisusing adigital camera

Species_to be Colored species Introduge, Found* ? x d:3 ts Zn, Relati_ve_standard
deter mined pg/cm pg/cm deviation, %

Cr K.Cr,0; 32 31.0+0.5 19
36 35.8+0.9 2.8

75 74.8+0.7 11

85 85.2+0.3 0.4

Mn KMnO, 11 10.8+0.1 0.8
13 13.0+£0.1 0.7

21 21.4+0.1 0.4

23 234+0.1 0.5

o 0.
Fe \\Fe/ 2 20+0.1 5.0
0§ coo ~ ™~ ooc 50,

3 3.3+01 4.9

4 41+0.0 0.8

5 51+01 2.0

Cu Cu(NH3),* 50 50.0 +2.2 4.9
70 68.8+2.8 45

90 90.3+3.0 3.6

100 108.4+2.5 2.6

NH,* (NH4),HgJ, 1 1.3+01 6.0
2 21+00 31

3 3.2+00 16

4 40+0.2 4.7

* 1 is Students t-value at 95% probability, sis standard deviation, n is number of determination, n = 5.

tive method to the classical one. To do thisno need of
making any changes of the spectrophotometer design.
It isnecessary acamerato be placed inthelight path
between the cuvette and the photodetector and to cre-
ate adevicewhich to put the camerain or out of the
light beam.

Themoderndigita cameraoffersalot of informa
tionthat isdueto largenumber of pixelsavallable. This
makesit possibleto obtain sufficient information from
animage, havingasmall sze, or evenfromasmall part
of animage. Thisalowssmall volume of samplesolu-
tiontobeanalyzed..

Thedigita camerahas many optionsfor imageac-
quisition and editing capabilitiesfor aready received
image. Those can be used toimprovethe method.

Thedigitd camerausudlyismultifunctiona (witha
camera can be made not only photos but videos as
well). Possibility of obtaining avideo picture permitsto
study akinetic of formation acolor compound, which
isused for aspectrophotometric assay.

Animagecapturingwithadigita cameraisahighly
automated processthat contributes analysisprocessto
be easy automated.

A digita cameraisadapted for direct connectionto
acomputer; thedigital information fromthecameracan
beimmediately processed for analysisand advantages
of dl possibilitiesoffered by the computer to betaken.

Neverthelessadigita camerahasmany functions,
itiscompact, anditssizeisrelatively small, whicha-
lowsminimizing dimend onsof agpectrophotometer with
adigital camera.

A digital camera, in certain conditions, can serveas
an absolutetristimulus colorimeter®, soitispossiblean
absolute andysisto beperformed, i.e. anandysiswith-
out using standard or etal on sol utions, but only by ex-
perimental data, established in advance, for an color
and corresponding to it concentration of the solution.

The presented method i s based on the use of only
RGB col orimetric system. Therearemany other colo-
rimetric systems, whichisaprerequisitefor further de-
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