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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 appropriate wavelength, thus giving a
measure of concentration; and, provided the molar
absorptivity (extinction coefficient) is known, or a.
calibration graphlhas been plotted, the quantity 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 + 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,

wisual 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 photoelectric absorptio-
meters, however, the emphasis in more accurate solo-
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 cdncentration, and can be measured to a
precision of less than 2%, with a possible error of

o: 3% e



only + 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 in 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 a 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 ['spefelaiz] v. [spektroufs'tomizta] a.
FITH5, Ttk R KEH

2. spectrophotometry 3. functional ['fagkfenl] a.
[spektroufs'tomitri] n. a. HHEER, TERM
53 B (R 3: 4. absorbance [ob'so:bens]
spectrophotometer n. WEE, Bl
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absorptivity [ebso:p'tiviti]

n. BERE

extinction [iks'tinkfon] =.

W% 3k BE, 7 6 (B)

6. length [lerd] n. K, KE
7. coefficient [keui'fifent] n.

10.

11.

12.

13.

14.

15.

16.

Y & &
responsible [ris'ponsebl]
o. HUEH, THMH
appreciate [e'pri:fieit] ot.
K, VR R
survey [so'vei] of.,
['servei] =. B%%, W, W
manganese [meage'nizz] a.
% (Mn)
manganate ['meaogoneit] '
n. EEE
permanganate n. BEEEEEE
background ['bskgraund]
n R, EH, AR
microburette
[maikcraubju'ret]
BEREE
adequate ['edikwit] a.
B, Tk, Y
inasmuch [inez'matf]
adv. (55 as M, REHL:
RS, |T
afford [o'fo:d] vt.

s o

17.

18,

19.

20.

21.

22.

23.

24.

26.

(L]
~

simplify ['simplifai] vl.
i, HH
grade n. %3, 43
o, 5335 &k
periphery [po'rifori] =.
H2, AE, 5 E
routine [ru:'tin] =.
BT, BE LM
a. BUATRY, HHE
acquire [o'kwaie] vi.
%, /E
photoelectric (al)
[foutoui'lektrikal] a.
i)
absorptiometer
[obso:pfi'omita] =.
% kit, KB
absorptiometry ]
[obsa:pfi'omitri] = TR
e ) Mtk
emphasis ['emfosis]
(pl. emphases) =.
Wi BE; BEE

. shift {fift] v., n.

B, B B
comparative [kom'parativ]

a. LEEM, A

. optimum ['optimem] 4.,z

BiE(8), BER(H), Bfa
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28.

29.

30,

31.

32.

33.

34.

35.

36.

(1)

turbidimetry[ta:bi'dimitri]
no Hodhpk, dhEERE B
monochromatic

[monokro'meetik] a.
B, BEERDN
insertion [in'se:fon] n.
A, B BAY

likely ['laikli] a.
IR BB Ny, KBS RY; ado.

a ik, ki :
retain [ri'tein] of.

B (R, A%, Hr, B
virtue ['va:tju:] =.

&, EE; T

cheap ['tfi:p] a.

A, EER

cheapness n. BEfh, BE
transmit [trans'mit] v.
%35, ka4t B R

band [bend] =. #HF, Ky

Notes

be regarded as kAR
absorption spectrophotom-
etry Bl kEXE (WE)
#*
Beer's law H/RER
wavelength B4
molar absorptivity
BRI R
be responsible for
Ff oo ST R, BE
matched solution JCEZIA K
make up B2#l, Ml
Nessler tube Z#8LLEF

- RRIEE

blank solution ZXHEHK
trace analyses & #Hr
in front of & KIEI
by virtue of

hT, RIE 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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BREE, MERRRLERAFLC AN, KELLHT IEME,
PR EHYIRGR, AT LANE MK,

-provided S|HFE & ERIZEMNY, TELE if B, R

15 i Amperometry AyiEi% 2, responsible for the colour
RIEANEE, EAPLEYEIFRY material, WHEHIHES,
BROUEHEEIE,
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.

FIRCER B SR Sk R SR, TR BB T, —
— B RA 50 ml “Z BT FIRMICEERE b, R E MR
R SRS R — B Ak,

£ drop by drop, with stirﬁng #1 on visual examina-
tion SAREFMIVEFW AR, HER ... is added JFHA A
to (iE---mF--), to be identical & & & R4GIEIE appear )
xi&,

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

MHFE—RES, RECE FERARTIRIELN, X%
HM(G) FWBGaSSHHHENBAERRE, BEBREXSH
TRAIFR,

479 of the identical colour ... intensity, Z3:iE glasses
WEIE, BAXAEE LK, WETIRIE are provided 2)5, Bk
W R, BB IE BRI, BT—s WRIRIE AR
identical 3, J& —2 Ay iFIE 4y iA graded ¥4 (KT 0T R
L.

(4) Most colorimetric analyses may be performed by this



method provided that a standard disk is available com-

mercially.

IR AE T KB AR, Rl ik MIRETR S

o) PR il
provided that % provided Z{iHi By & RIEMN, BEA)

AR LSRR,

Reading Material
Methods 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 determmatlons

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
jons which influence the colour, and their influence
cannot be eliminated by any means, approximately

MR AR M — RS EARANESHRERHERLHM, A
AEREBEAWESEEIRG S, Sk% T, HEEREN L THRIAR
EaF AR & SREHRIL,
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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 ma& 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 estimating 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 off 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 gradually increasing concentrations of !the cle-
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** jons into the more intensely coloured[Cu(NH,) ]**
ions, and each is made up to the same volume (say,

- ) ¢ 9 e



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 placed under the
same conditions, equal colours correspond to equal
copper contents. For example, if it is fouhd 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 m}
of the unknown solution. If the colour of the latter
is more intense than with 4 mg of copper 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.

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,

e 10 o



