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Optical Methods

Lesson One
Colorimetry

Modern colorimetry may be regarded as a special--
ized branch of absorption spectrophotometry. Thus.

the material to be estimated — whether it be an
atom, ion, functional group or molecule — is converted

quantitatively into a coloured species that obeys Beer’s.
law in solution. The extinction of the solution is.

measured at an ap'propriate wavelength, thus giving a.
measure of concentration; and, provided the molar
absorptivity (extinction coefficient) is known, or a
calibration graph has been plotted, the qhantity of
material responsible for the colour can be deter-
mined. ¥

The term “colorimetry”, however, .is applied to a.
number of related techniques, and perhaps the scope
of the method may be appreciated by surveying:
briefly the development of the subject. The early form
of colorimetry did not involve true measurement of
colour, but rather the comparison of a coloured test
solution with a matched solution of known concentra-
tion. An example is the trace analysis of manganese:
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in ores. The ore is dissolved, made up to a definite
volume, and an aliquot oxidized to permanganate.
The permanganate is made up to a definite volume,
perhaps 50 ml, in a Nessler tube, and is placed by
the side of a matching tube on a white back-ground.
Permanganate of known concentration is added, drop
by drop from a microburette, with stirring, to the
matching tube containing 50 ml of “blank” solution,
until the colour intensities of both solutions. appear

-on visual examination to be identical. ® Since the

-concentration of permanganate in the “blank” tube is
known, and is equal to that-in the test solution, the

-amount of manganese in the sample can be deter-

mined. ‘

Such a method of visual comparison of colours
may be accurate to within 4 10% of the true value,
.and may be adequate for many trace analyses. Thus,
in the analysis of an iron ore containing about 0.1%

-of manganese, the analysis of major constituents is

not very accurate in the second place of decimals,
and it may not.be important to distinguish between
0.10% and 0.11% manganese. For such "estimations,

visual colorimetry is still useful inasmuch as it affords

a simple method of analysis, not requiring expensive
apparatus. '

Another method of visual colorimetry, though it

is old and has been seldom used, may be introduced
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here only for reference. In this inexpensive instrument,.
test sample and “blank” solutions are placed side by
side in cells or tubes of the same dimensions. For
any particular analysis, standard coloured glasses are:
provided of the identical colour to that produced in
the analysis, but graded in intensity. ® These glasses:
are ranged round the periphery of a disk which is
rotated in front of (or above) the “blank” solution,
until the colour intensity appears the same as that in
the test solution. These standard ‘disks are graded in
terms of -concentration, and the concentration of the
test solution can therefore be estimated. Most colori-
metric analyses may be performed by this method
provided that a standard disk is available commer-
cially. ¥ Such a method is useful in laboratories
performing routine analysis; but where a wide variety
of colorimetric analyses is required, it is obviously:
impractical to acquire a large number of standard
disks, even if they are available.

With the appearance of photoélectric absorptio-
meters, however, the emphasis in more-accurate colo-
rimetric analysis has shifted from comparative meth-
ods to direct measurement of colour as absorbance
(optical density). Provided that Beer’s law is obeyed
under the conditions of analysis, absorbance is propor-
tional to concentration, and can be measured to a
precision of less than 2%, with a possible error of

o 3 e




only 4+ 1% in the optimum range of absorbance be-
tween 0.2 and 0.8, ‘
The direct measurement of colour in terms of
absorbance may be termed “absorptiometry” as a more
general term than “colorimetry”. However, absorptio-
metry includes also such methods as turbidimetry
which will not be discussed here. In addition, absorp-
tiometry may be performed using a source of light
that is not, strictly, monochromatic. Thus, most of -the
earlier colorimetric analyses were performed in pho-
toelectric absorptiometers i1'1 which the source of light
was modified by the insertion of a suitable colour
filter. Such instruments are still in current use, and
are likely to retain their place in analysis by virtue
©of their relative cheapness. However, a filter usually
transmits & fairly wide wavelength band, which is not
always suitable for colorimetry based on Beer’s law:
It is far preferable to use a spectrophotometer, in
‘which the wavelength can be selected accurately.

New Words & Expressions

1. specialize ['spefolaiz] ». [spektroufo'tomi:to] n.
19, Tl te X REH

2. spectrophotometry 3. functional ['fapkfonl] a.
[spektroufs'tomitri] =. a. HRELy, fEHW
5y ek B (M) 4. absorbance [eb'so:bans]
spectrophotometer n BRE, BikE




absorptivity [ebso:p'tiviti]
n. AR
extinction [iks'tinkfon] =.

0% M, T Ok (BE)

6. length [lendl = &, KE

7. coefficient [koui'fifont] n.

10.

11.

12.

13.

14.

15.

16.

EX . & &
responsible [ris'ponsobl]

a. AR, FTEM

. appreciate [e'pri:fieit] of.

%z, T kB

survey [so'vei] of.,
['so:vei] n. BE, W, BHW
manganese [mwoge'ni:z] =.
& (Mn) p

- manganate ['maogeneit]

n HRERER
permanganate n. B
background ['bekgraund]
n. Wi, T, FK
microburette
[maikcraubju'ret]
REHEE
adequate ['xmdikwit] a.
RYW, T, EHW
inasmuch [ineaz'matf]
adv. (5 as ;EMH, &iEHE
R)RAS BT
afford [o'fo:d] ot.

LR, 45

17.

18.

19.

20.

21.

22.

23.

24.

26.

27.

simplify ['simplifai] oi.

e, W

grade zn. &%, B

vt. 3%; 5%

periphery {po'riferil n.

Jh, FH, ShE

routine [ru:'tinl n.

BITRFF, BE L

a. BIATHY, WHE

acquire [o'kwaia] of.

KA, B3

photoelectric (al)

[foutoui'lektrikal] a.

Sy

absorptiometer

(obsarpfi'omita] n.

Wkt kBt

absorptiometry
[ebso:pfi'omitri] =, B
B e

emphasis ['emfosis]

(pl. emphases) =.

B B BEM

. shift [Jift] v., =

i, ot B BB
comparative [kom'pmrotiv]
o. PLEESY, HHAE

optimum {'optimem] a.,n.
B (), BB (R, Bih
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28.

29.

30.

31.

32.

33.

34.

'35.

36.

«1)

turbidimetry[to:bi'dimitri]

7. Fhihgk, EEIE i

monochromatic

{monokro'metik] a.

BN, REERH

insertion [in'se:fon] a.

WA, B EAY

likely ['laikli] a.

REAEH, KBEA&HY; adv.

AT RE, A

retain [ri'tein] of.

BRI, B3, &4, Wi

virtue ['ve:tju:] a.

e, EE IR

cheap ['tJi:p] a.

RO, BEH

cheapness n. Bifh, {65

transmit [trans'mit] o.

&%, R§, X

band [bend] n. #, ki
fa

Notes

be regarded as #ANE
absorption spectrophotom-
etry Ry X E (WE)
Beer's law H/Razf
wavelength ¥4
molar absorptivity
BERR R
be responsible for
e U R, BH
matched solution PC& % i
make up B2&l, il
Nessler tube Ziifshil 6%
REKLEE
blank solution 2314k
trace analyses JE& ¥
in front of fE- - MHE

by virtue of

BT, R BEE

The extinction of the solution is measured at an appropri-

ate wavelength, thus giving a measure of concentration;

and, provided the molar absorptivity (extinction coefficient)

is known, or a calibration graph has been plotted, the

quantity of material responsible for the colour can be

determined.
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3)
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BEROERE, EEERRERBGEE M, REZLH T KX,
PG R BT R, B AT DU RE ok,

provided S|HifyR & RIEMM, WLARA if R, 1# L

% 15 i Amperometry fyifi® 2, responsible for the colour
RERAAE, %Y EEEY material, AR ¥EIIFES,
ERUEREEE,
Permanganate of known concentration is added, drop by
drop from a microburette, with stirring, to the matching
tube containing 50 ml of “blank” solutibn, until the colour
intensities of both solutions appear on visual examination
to be identical.

RAMER e FEE Mk ENRERLE, EXBLREDT, —#
—F i MBRA 50 ml ‘g BTN R ERE b, HIA MFE
WA RERE -8,

{E® drop by drop, with stirring fi1 on visual examina-
tion ZAMRIBIFRIIBERHMAE, HEE ... is added JFHINIA
to (FE--mF-), to be identical 2 & iz X4 iE/E appear ¥y
#i&,

For any particular analysis, standard coloured glasses are
provided of the.identical colour to that produced in the
analysis, but graded in intensity.

HTE—RES T, REE) RESGRFINKEMAE, X
ER(G) FBGaE P ENBIGEMR, BEBERKSS
ENGE3 R

477 of the identical colour ... intensity, 23 iF glasses
WEE, HAXANEELK, BMETIHIE are provided ZJ5, Bk
WA B, BREIE RN, —2anigiEhEER
identical FE, J§—5r WA IHE M4 i graded 324 G4 T
2R .

Most colorimetric analyses may be performed by this
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method provided that a standard .disk is available com-
mercially.

BN E LR IERNAREN, FL % DT RS
kb s i,

provided that %-F provided S| ¥4 fEiRIEMH. b4}

KBRS BE %,

Reading Material
Methodsb of Colour Comparison*

For determination of the concentration of an
unknown solution by comparison of its colour with a
standard solution, the two solutions must be compared
under identical conditions. Accordingly, the following
procedures are adopted in colorimetric determinations.

1. The same reagents are added, in the same
sequence and in the same quantities, to both the stan-
dard solution and the unknown solution.

2. The reactions with both solutions are performed
simultaneously as very often the colour changes with
time.

3. If the unknown solution contains extraneous
ions which influence the colour, and tfleir influence
cannot be eliminated by any means, approximately

* OBREARERAN SRR RENESFRB ORISR, B
ARXFRELWEERMRED, RERTH, RTEERHLT TR
BabriiARd & HREH L,
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the same amounts of these ions are introduced into
the standard solution. It is obvious that if the colour
due to extraneous ions is too intense colorimetric
determination may be impossible.

4, The colours of the unknown and standard
solutions are compared in exactly similar. vessels, made
from the same kind of glass, and the two solutions
must be illuminated equally. ¢

The eye is incapable of es'timating quantitatively
differences of colour intensities; therefore, in visual
colorimetry the aim is to equalise the colours of the
solutions compared. ' \

If we know how the colours have been equalised,
we can easily calculate the concentration of the
unknown solution. The following methods of visual
colorimetry are distinguished, in accordance with
the method used for equalising the colours.

The Method of Standard Series. In this method
not one standard solution is prepared but a series,
with grhdually increasing concentrations of the ele-
ment to be determined. For example, in the determi-
nation of copper by this method, progressively increas-
ing amounts of a standard CuSO, solutions are mea-
sured out into a series of similar test tubes, equal
volumes of NH,OH are added to each to convert the
Cu** ions into the more intensely coloured[Cu(NH,),]**
ions, and each is made up to the same volume (say,
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20 ml) with water, This gives a colorimetric scale,
which indicates the colours corresponding to different
concentrations of copper in solution, ‘

The unknown solution is similarly treated with
NH,OH solution and then diluted with water under
exactly the same conditions. The colour is compared
with the colours of the standard series.

If the solutions compared are plaéed under the
same conditions, equal colours correspond to equal
copper contents. For example, if it is found that the
colour of the unknown solution -is the same as that
of a standard solution containing 4.0 mg of Cu** in
20 ml, then this is also the copper content of 20 ml
of the unknown solution. If thé colour ,of the latter
is more intense than. with 4 mg--of (_:oppe,r'but weaker
than with 4.5 mg, its Cu** content may be taken as
intermediate between the two, or approximately _4.25.
mg -per 20 ml. R

-Since in the method of standard series the concen-
trations of the unknown and standard solutions are
equal to each other, this method can be used with
substances which do not obey the Lambert-Beer law.®
Its advantages are simplicity and speed. However, it

is obvious that this is true only if numerous determi-.

nations have to be carried out. With single determi-
nations the time required for preparation of the scale
is not justified and this method is not convenient,,
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