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Abstract The mathematical inference equation about absorption of monoenergetic spot light in the
solution is released as follows lma= kd+ B. Where, a is the range from spot light to the slot of pho-
totropic surface in the absorption pool; k is the absorption coefficient of spot light in the solution; ¢
is the concentration of light absorbers in the solution; b is the thickness of absorption pool (2
mm ); B is a constant standing for light-transmission intensity. Self-manufacture spot light photom—
etry instrument showed a good result in the test for this equation by KM nO+4 standard solution, Cu
(N H)4 SO+ standard solution and Na2 CuY standard solution. There is also a good result (60. 9% )
in the test of the standard brass sample ( Cu= 60. 93% ) in Na2CuY standard solution. Error analy—
sis formula was obtained as dc /= da Ja (Ina— B) , which is consistent with the error formula of dif—
ferential photometry method ata> 10and 7= 1~ 10. The resultindicates that this method could

be adopted to heavy contend analysis.

Key words photometry, spot light, heavy contend analysis
: lm= keb+ B, a
(em); k ;¢ 3 b (2mm); B a= 100 cm
( ) KM nOs v Cu (N )4 SO, Na CuY
, Na CuY (Cu= 60. 9% ) (6095 ).

dc /= dafa (na- B) a> 0,

0 657.32

Photometry analysis is generally conducted under
the parallel monoenergetic light shining. Because the
energy of parallel light can be concentrated, and it is
useful in the microanalysis. As we known, however,
its erroris bigger, and can be calculated by the follow-
ing formula

de  0.4343dT
¢~ T (logT)"

In 1949 Hiskey established a differential photom-
etry method, and its error can be calculated as fol-
lows

de _0.4343dT
¢ T (logT+ 45)°
It is the first time that photometry is applied in
the determination of heavy contend. The parallel light

is a special light in the spot light For increasing the
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a> 10 T 1~ 100 ,

accuracy of the photometry analysis, we adopted the
spot light instead of parallel light in the analysis, and
obtained a more accurate result. Energy scattering of
spot light is helpful in the analysis of heavy content.

In the analysis of intermediate and heavy contents, we
dont need to use microzone interpolation and adjust
instrument with standard solution as we do by the dif-
ferential photometry method.

1 Method and principle

The principle of spot light photometry is showed
in Figure 1. Spot light which is created from the spot
light source goes through the monochrometer, and be-
comes the monoenergetic spot light. The spot light
source (or the absorption pool) could move along the
track in order to change the distance (a) between the
spot light source and the absorption pool. There is a
rectangular slot diaphragm in the phototropic side of
the absorption pool. Its width (s) and half-high (R)
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can be adjusted. The photoelectric battery (p) is be—
hind the absorption pool- The light current is detected
by a high sensitive multiple reflection galvanometer.

¢

Fig. 1 The principle of analysis of spot light photometry

As the spot light source is removed, the incident
intensity (/a) from the diaphragm interception also
changes. The transmission current flow is not only re-
lated to the concentration of light absorbers, but also
related to the thickness of absorption pool (b) and the
range (a).
tion pool be full of blank solution, let &= 100 ¢m and
adjust the current of the spot light source until the

When conducting a test, we let the absorp—

light current is an assigned value ( Let it is 10
format) . Filling in the absorption pool with solution ,
changing the location of the spot light source until all
the transmission current flow equal to 10 format of
blank current, writing down the corresponding num-
ber (a), then we can obtain the concentration of ab—
sorbers of the solution by the follow ing formulas.

2 Formul as and inferences

When a beam of monoenergetic light passes
through the solution, the light is absorbed. If the ab—
sorbed light equals to the number of the absorbers that
connect with the light, the percentage of the absorbed
light can be computed by For;nula (1);

—i]]: kdn or —Jl%lzgodm. (1

Where, Ia is the incident (light) intensity; [ is
the light-transmission intensity; m is the number of ab—
sorbers that connect with the light (in the light col-
umn); k is the proportional coefficient; minus (- )
stands for absorption.

Because of the spot light source, the illuminance
(J) of any points on the illumination surface is in—
versely proportional to the square of the range (d)
from the spot(r) to the spot light source(Ls) , and pro—
portional to the cosine of the incidence angle ( AoA)
(T). That is

cos T

J= Jo L (2)

For obtaining the incident intensity (/la), we
must get the integral quantity of Formula (2) to the
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whole light surface of the optical slot. That is
R R T R
la= T_Rstr: J_RsJo%dr: J_Rs/o;ag dr
R
:J sJo———4—— dr,
- R (a2+ r2)3
oo la= Jdld (r<a). (3)

Where, A4 is the area of the optical slot, 4= 2Rs;
S is the width of the optical slot
R is the half-high of the optical slot.

- R

Fig- 2 The illuminance at the optical slot
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Fig. 3 The reaction of the light in the solution
The integral operation for the left of equal mark

of Formula (1) is as follows
1
AL Jud | Jod
— Ia]_]nl_lnlaz—ll'l[—zlm
(4
Under the spot light shining, the reaction of the
light in the solution should be considered. From

Fig- 3, we get

_ Sin il
sin0’
in0
Ay = 0= p3i=
r btg bCOSe,
Ar= Rb (5)

wa+ (nh - 1)R2'
And the volume of the light column in the solu-
tionis
V= Ab.
Where, A4 is the average sectional area of light col—

ummn; b is the width of the absorption pool.

— A
1= S2R+ 2R+ r): S(2R+ Ar)

2
V= sbR 2+ b (6)
- wa+ (- R’

And the integral of the right of equal mark of
Formula (1) is
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/Jo dm= kcV= ksl{ 2+ ey fnz — I)RJ ch. (7)

From Formula (1), we can obtain that Formula

(4) = Formula (7),

1“]—1“1- 2lna= ksR[ 2 T fnz = 1>RJ cb.

(8)

Substitutingh(b= 2mn), and R g into Formula
(8), then we can get

lna = kdb+ B, (9

and

b
ksR| 2+ 1
( nd+ (- HR
2 o

k= -

B= 1 IHM.
2 1
In the experiment, the light-transmission intensity
is constant. If ¢= 0 anda = 100 em, we adjust the
current flow of light source until the transmission cur—
rent flow becomes a constant ( Let it is 10 format),

and theBis In10= 4. 605. If 4 or I changes, so doesB.

3 Proof of Formula (9) by experiment

For proofing Formula (9), we adopt three kinds
of series of KMnO+, Cu (N H)4S04 and N2 CuY stan—
dard solution.

3.1 Method

Turn on the light source in the dark room, then
put blank solution (water) into the absorption pool (b
= 2mm), leta= 100 em , and adjust the voltage of the
light source ( The lamp current is it ) untl the light
current (iz) is right at 10 format.

3 1.1 Inthe KMnOs solution

Fill a series of KMnOs solution ranging from low
to high in concentration into the absorption pool, re—
spectively; then move the pool along the track in the
darkroom until the ic = 10 format; then write down
the corresponding number(a). The results are listed in

Table 1.
Table 1 The absorption of spot light in the solution of

KM nOx«

10 a I & 10 a Ina
(mol/ L) (em) (mol/L) (em)
1. 00 96. 50 4. 570 6. 00 80. 7 4. 391
L. 50 94. 7 4. 551 7. 00 78.0 4. 357
2.00 931 4534 8 00 75. 1 4. 319
2.50 9L 5 4. 516 9. 00 725 4. 284
3.00 89. 8 4. 500 10. 00 70. 0 4. 248
3.50 88 2 4. 480 11. 00 67.5 4. 212
4. 00 86. 7 4. 462 12. 00 65. 2 4177
5. 00 83.7 4. 427
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The regression equation is

lna= 4. 606- 3573c, r= — 0.9999.
3.1.2 1Inthe Cu (NH)4+SO+ solution

The method for Cu (N H)4SO4 is the same as
KMnQs. The results are listed in Table 2.

Table 2 The measurement of spot light in the solution of
Cu (NH;),SQ,

¢ (mol/L) a (cm) |57}
0.010 93.2 4. 535
0. 020 89. 8 4. 500
0. 030 86. 8 4. 464
0. 040 75. 4 4,323
0. 050 70. 2 4.251
0. 060 65.5 4. 182
0. 070 61.0 4. 111
0. 080 57.0 4. 043

The regression equation is

Ina= 4. 639- 7.508, r= - 0.9917.
3.1.3 TIn the Na2CuY solution

The method for Na2 CuY is the same as KM nOs.
The results are listed in Table 3.
Table 3 The measurement of spot light in the solution of
Na:CuY

¢ (mol/L) a (cm) Iz

50K 107 93.0 4. 533
0.010 86. 5 4. 460
0.015 80. 3 4. 386
0. 020 74. 6 4.312
0. 025 6.5 4.241
0. 030 64. 5 4. 167
0. 035 60. 0 4. 094
0. 040 55. 8 4. 022

The regression equation is
Ina= 4. 605- 14. 61c, r= — 0.9999.

4 Determination of Cu in the standard brass
sampl e

Na2CuY was used as mediator, and the content of
Cu in the standard brass sample ( Cu= 60. 9%% ) was
measured. Take G gram brass sample, and put it into
the solution of HCk HO2, then remove the solution
mixture into a 25 ml flask, and then add EDT A into
the flask to 0. 05 mol/L. Modulate the solution mix—
ture to pH= 6 with NaOH, then limit the volume ex—
actly with B O. The measurement was conducted in
the same condition as Table 3. The results were calcu—

lated by the following formula, and listed in Table 4.
4. 605-_In 25
K Tou 100
G .
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Table 4 Measurement of Cu in the standard brass sample

Sample G a c Cu a
(g) (cm) (mol /L) (%) (%)
1 0. 1001 57.10 0. 03840 60. 94
2 0. 1010 56. 84 0. 03874 60. 93 60. 95
3 0. 1038 55.95 0. 03984 60. 97
4 0. 1100 54.00 0. 04223 60. 98

5 Dicussion

Error analysis to the absorption equation ( Formu—
la (9)) was obtained as dc/c= da/a (Ina— B)-

It is the same as the error formula of differential
photometry method. Because 0< T< 1 buta> 10 cm,
the error of this method is smaller, and it can fulfill
the requirement of heavy content determination (dc/c

< 0.%).
The presented operation of photometry analysis is
simple. It does not need adjusting instrument with
standard solution, but requests the light source
steady. In addition, it needs to measure the transmis—
sion current flow at a= 100 em with blank solution for
all the measuring transmission current flow beng

blank current.

The instruments and installation are also simple.
The method does not need any optical lens That can
avoid the errors from chromatic aberration.

Because the transmission current flow is fixed,
we can write down each a by the automatic regulation
system.

There are many factors that affect the transmis—
sion current flow, such as the width (s) and length of
the slot (2R), and the thickness (b) of the absorption
pool. However, theb= 2 mm of the pool thickness can
meet the requirement of 5< a.

If the refraction(n) of lightin the solution can not
be neglected such as the n of the organic solvent and
the n changes with the concentration of the solution,
and thek isn 1t a constant, the result of the experiment

can be processed by Formula (8).
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