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ICHTISAR

Reaksi seng dengan birne metilena dan tiosianat  diperkembangkan men-

djadi suatnn penentuan spektrofotometris  jaug sangat pekak untuk seng
dalan: mana seng itu direaksikan dengain birn metilena dan tiosianat de-
ngan menghasilkan swatu kompleks jang fak larut.
Kompleks ini disaring dan berkurangnja djumial seng dinkur. Dengan
val penkonipelks jang sesuai dapat dibilangkan gangguan dari kebaijakan
ion jang umum terdapat walaupun djumiabija besar, ketjuali untuk Cobalt,
temibaga dan raksa, ion® mana banja tidak akain mengganggn kalan djum-
Inbnja ketjil. Ditilik dari segi  kesederbanaan, kepekaan dan kebebasan
dari gangguan tjara ini menguntungkan djika dibandingkan dengan tjara®
detheon dan zincon.

ABSTRACT

The reaction of gine with methylene blue and thiocyanate is developed

to a highly seusitive spectrophotometric determination of zing in which
the unkinown zine is reacted with methylene blue and thiocyanate, giving an
insoluble complex.
This is filtered off and the decrease in the amount of zine present, is mea-
sured. Suitable masking agents prevent interference of most comman ions,
ereir when present in large amonnts, except with cobalt, copper, cadminm
and merenry which do not interfere if present in small amonnts only. In
simplicily, sensitivity and freedom from interference this method compares
Savorably with the dithizone and gincon methods.

INTRODUCTION

The reaction of zinc with an excess of methvlene bluc (here shortened:
MB) and thiocvanate will result in a decrease in absorbance of the re-
maining MB which subsequently can be used as a basis for a photometric
determination of zinc.

The various factors influencing this decrease have been discussed in a
previous paper (3), showing that:

— the pH should preferably lie between 3- 3.5.

— readings should be made after 60 minutes.
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— the temperature should be corrected for or be kept between 23°C and
29°C.

— the sensitivity is extremelv high.

Because of the possibilities showed by this method, an attempt was made

to evaluate this method more in detail with respect to simplicity, sensitiv-

ity, precision and freedom trom interference.

ENXPERIMENTAL DETAILS

Instrumentation. Photometric measurements were made with the Beckman
DU spectrophotometer. In a few cases the Coleman Universal spectro-
photometer, the Leitz compensating photometer and the Lumetron photo-
meter were used.

Reagents. Where available, Reagent Grade chemicals were used the same
as deseribed in (3).

Glasswool. Pyrex Reagent Grade, purified by soaking overnight in 1 F
hydrochloric acid, washed untill neutral to litmus paper and dried.

METHODS USED

Solutions containing known amounts of zinc in a volume of 4.00 m] were
prepared by taking n ml of the zinc standard solution and (4- n) ml redis-
tilled water in a Pyrex testtube. Into this was pipetted 5.00 ml of a mixture
of the appropiate buffer containing complexing agents and a suitable
amount of MB. Mixing directly in a Beckman cell was not feasible because
the complex plated out on the cells. At the moment the last reagent, 1.00
ml of thiocyanate solution was added, the stopwatch was started and the
mixture shaken.

Iin procedure A the mixture was left standing at room temperature and
the absorbance at 666 mu measured (water as blank) after 60 minutes.
In procedure B the mixture was left standing at room temperature in a
beaker of water. After 55 minutes the solution was filtered through a
plug of 30- 50 mg of loosely packed Pyrex glasswool.

The ftirst two ml were discarded, the following filtrate caught directly
in the Beckman cells and the absorbance at 666 mu measured (water as
blank) after 60 minutes.

EXPERIMENTAL RESULTS, PROCEDURE A

In all these following experiments buftfer mixtures (at once acting as com-
plexing agents) containing 0.375 mole of tartaric acid and 0.375 of sodium
hydrogentartrate per liter were used.
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EVALUATION OF THE SPECTROPHOTOMETRIC DETLRMINATION 189
To this mixture was added the required amount of MB. All determinations
were carried out in triplicate, except where otherwise stated. The resul-
ting mean values and standard deviations, dA, and the detailed experi-
mental conditions are compiled in Tables I and II. Some representative
calibration curves are given in Graph. 1, which shows varying shapes with
different sets of reagents.
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GRAPH 1

In Experiments 1 to 5 these have the same general shape, the beginning
and the end showing a deviation from BEER’S law.

The deviation in the beginning is caused by the fact that the zinc in very
low concentration does not react with the MB and thiocyanate. However,
by adding a sufticient amount of zinc to the MB buffer mixture, a straight
calibration curve is obtained (Expt. 6 and 7). In the higher zinc concen-
trations again deviations from BEER’S law occur, but straight calibration
curves are obtained with up to 2.5 ppm of zinc (Expt. 8 and 9).

The slope is practically the same and 0.1 ppm of zinc corresponds to a
difference in absorbance, dA = 0.201.
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TABLE 1. Absorbance of the residual MB at 666 mu (1 cm cell)
NaCNS Expt. 1. | Expt. 2. | Expt. 3. | Expt. 4. | Expt. 5.
MB/liter 32FW) | 35FB) | 5.03 FB) | 5.03F(B) | 3.78 F(A)

20 mg MB(A)| 20 mg MB(A)} 22.5 mg MB(y){ 25 mg MB(A){ 25 mg MB(A)

peZn/10mil A, dA A, dA A, dA A, dA | A, dA

0.00  10.886 0.018[0.948 0.023]1.069 0.040]0.934 0.03110.941 0.033
0.65 {0.808 0.010[0.831 0.007)0.998 0.002{0.801 0.011}0.908 0.014
1.31 0.709 0.00€10.744 0.004{0.947 0.010}0.740 0.005]0.711 0.020
1.96  10.563 0.006]0.611 0.006[0.869 0.017{0.606 0.011]0.584 0.008
2.61 0.434 0.001]0.947 0.005{0.759 0.005{0.466 0.005{0.457 0.001
3.26  }0.311.0.00110.381 0.006{0.622 0.007}0.381 0.005]0.370 0.016
392  10.204 0.005)0.273 0.001}0.482 0.002/0.250 0.006}0.278 0.007
4.57 10.161 0.001])0.235 0.007}0.368 0.004|0.204 0.004}0.345 0.007

TABLE II. Absorbance of the residual MB at 666 mu (1 cm cell)

2\ 1 C « 2 = 1 2 2
NaCNS Expt. 61) | Expt. 7 %) Expt. 81) | Expt. 9%
MBjlit. | 3.78 F(A) | 3.78 F(A) 3.78 F(A) | 3.78 F(A)
25 mg MB(A) | 25 mg MB(A) 25 mg MB(A) | 25 mg MB(A)
gLoflUd p o ga | A, da M0l A A AL aa
ml m m mi m m
0.00 1.000 0.001 §0.907 0.050} 0.00 ]0.999 0.0070.863 0.016
0.65 0.905 0.01210.752 0.016| 0.16 |0.949 0.037|0.841 0.019
1.31 0.755 0.01810.633 0.014 | 0.33 }0.950 0.003 { 0.812 0.002
1.96 0.637 0.01410.502 0.008 { 0.65 [0.902 0.016 { 0.741 0.010
2.61 0.512 0.007{0.371 0.013 | 0.98 |0.832 0.006 | 0.688 0.010
2.94 0.444 0.00410.325 0.006| 1.14 ]0.803 0.008 | 0.674 0.006
3.26 0.388 0.001]0.285 0.007| 1.31 |0.766 0.014}0.623 0.008
3.59 0.342 0.007 10.254 0.002] 1.63 [0.701 0.002]0.559 0.016
3.92 0.292 0.01810.232 0.007{ 1.79 [0.660 0.018 | 0.536 0.002
4.25 0.259 0.067 }0.210 0.011 1.96  10.629 0.011 | 0.497 0.010
4.57 0.230 0.005}0.20¢ 0.006 | 2.28 |0.576 0.008 | 0.444 0.013
4.90 0.229 0.007 1 0.203 0.005| 2.61 10.507 0.007 | 0.382 0.020
Remarks: In all these experiments was used a buffer mixture compo-
sed of 0.375 mole of tartaric acid 4 0.375 mole of sodium
hydrogen tartrate per liter, adjusted with
1) 2 x 1078 mmole zinc per liter.
%) 4 % 1073 mmole zinc per liter.
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EVALUATION OF THYE SPECTROPHOTOMITRIC DETERMINATION 191

Complexing action of this buffer mixture is quite satisfactory, as will be
discussed in a later section.

Some difficulty was caused by gradual plating and floccing out and at
higher zinc concentrations deviation occured, caused by the turbidity
of the precipitate. This was avoided by filtering off the complex (pro-
cedure B) in the following experiments.

EXPERIMENTAL RESULTS, PROCEDURE B.

In all these experiments only purified MB was used. Various buffers and
complexing agents were investigated.

The reagent mixture contained approx. 25 mg of MB per liter and enough
zinc to start the curve at an absorbance of about 1.9.
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A, Tartrate as buffer and as complexing agent.

The reagent mixture contained per liter 1 mole of tartarxc acid and
0.2 moles of sodium hydrogentartrate.

In Expt. 10 was added 24 mg MB (A, pur) and in Expt. 11 was added
24 mg MB (B, pur).

Results compiled in Table III and Graph 2 show that the reprodua-
bility is good and that the limit of zinc concentration determinable
has increased to 0.8 ppm. The calibration curve is a straight line up
to 0.7 ppm; the slope is practically the same as with procedure A
and a dA of 0.208 corresponds to 0.1 ppm of zinc.

Tartrate as buffer and ethylene diamine as comiplexing agent.

The reagent mixture contained 1.5 mole of tartaric acid, 0.5. mole
of ethylene diamine hydrate and 0.25 mole of sodium hydrogentar-
trate dissolved in 1 liter hot water. After cooling, the white crystals
formed (possibly ethylene diamine tartrate) were filtered off and 24
mg MB (A, pur) added to the clear solution and diluted to 1 liter.
Results of Expt. 12 compiled in Table IIf show larger deviations but
on the whole are similar to those in Expt. 10 and 11; the slope is
slightly smaller, dA is 0.198 per 0.1 ppm of zinc.

Dichloro acetate as buffer and tartrate as complexing agent.

The reagent mixture contained per liter 1 mole tartaric acid, 0 5 mole
dichloro acetic acid, 0.5 mole sodium dichloro acetate and 24 mg
MB (A, pur); pH is approx. 2 (pH Hydrion paper).

Results of Expt. 13 compiled in Table III and Graph 2 show results
similar to those in Expt. 12; here, dA is 0.201 per 0.1 ppm of zinc.

TABLE III

Absorbance of the residual MB at 7666 mu (1 cm cell); 1 ml NaCNS (B)

3.6 F; 24 mg MB (pur) per liter.

g Zn Expr. 10 Expt. 11 Expt. 12 Expt. 13
perml [ A dA A dA A dA | A, dA
0.00 1.921 0.020 1.856 0.008 1.892 0.008 1.765 0.039
1.25 1.644 0.008 1.608 0.008 1.675 0.015 1.502 0.014
2.50 1.389 0.005 1.345 0.008 1.408 .0015 1.237 0.019
3.75 1.142 0.022 1.077 0.008 1.168 0.020 0.960 0.027
5.00 0.871 0.011 0.808 0.010 0.919 0.025 0.718 0.021
6.25 0.614 0.606 0.603 0.011 0.614 0.003 0.496 0.028
7.50 0.450 0.005 0.328 0.009 0.332 0.014 0.262 0.025
8.75 0.138 0.019 0.128 0.019 —_ — 0.131 0.020
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D. Citrate and tartrate as buffer aid as complexcing agent.

The reagent mixture contained per liter 1 mole citric acid, 0.5 mole

sodium hydrogen tartrate and 24 mg MB (A, pur); the pH was approx.

3.5 (pH Hydrion paper). ,

Results of Expt. 14 compiled in Table IV and Graph. 2 show results
*similar to Expt. 10 and 11; dA is 0.202 per 0.1 ppm of zinc.

L Oxalate as buffer and tartrate as complexing agent.
The reagent micxture conteined per liter 1 mole tartaric acid, 0.15
. mole oxalic acid, 0.1 mole sodium hydrogen oxalate and 22.5 mg
MB (pur); in Expt. 15 A was used MB (A. pur), in 15 B MB (B, pur)
~and in 15 C MB (C, pur). The results compiled in Table IV show
quite a satisfactory agreement and dA is 0.206 per 0.1 ppm of zinc.

TABLE 1V,

Absorbance of the residual MB at 666 mu (1 cm cell); 1 ml NaCNS (B)
3.6 F; 22.5 mg, B (pur) per liter.

ng Zn per

: Frpt 14 Expt. 15A | Expt. 15B | Espt. 15C
0m | A, dA | A, dA | A, dA| A dA
0.00 1921 0.038 | 1.785 0.018 | 1.807 0.013 | 1.920 0.014
2.60 1.537 0.005 | 1.596 0.063 | 1.695 0.013 | 1.755 0.030
3.00 1.334 0.011 | 1.408 0.008 | 1.495 0.009 | 1.508 0.030
4.00 1138 0.003 | 1206 0.012 | 1.297 0.003 | 1.322 0.013
5.00 0.904 0.035 | 1.012 0.009 | 1.095 0.004 | 1.125 0.011
6.00 0.721 0.009 | 0.791 0.004 | 0.876 0.018 | 0.918 0.002
7.00 0517 0.009 | 0.583 0.015 | 0.653 0.030 | 0.741 0.030
8.00 0.333 0.013 | 0.378 0.010 | 0.463 0.010 | 0.531 0.024

+ To improve the reproducibility some zinc was added to the reagent
- mixture and this was used in Expt. 16, where smaller increments
of zinc were taken.
The results compiled in Table V are satisfactory and show a better
reproducibility.
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TABLE V.

Absorbance of the residual MB at 666 mu (1 ¢cm cell); 1 ml NaCNS
(B) 3.6 F; 5 mg MB. (pur) per liter.

ug Zn per| Expt. 16A Expt. 16B Epxt. 16C} Expt. 16D
10 ml A, dA A, dA A, dA | A, dA
0.00 0.595 0.012 | 0.697 0.002 | 0.656 0.009 | 1.344 0.004
0.25 0.561 0.014 | 0.640 0.000 | 0.599 0.015 | 1.303 0.002
0.50 0.511 0.013 0.585 0.009 | €.552 0.016 | 1.248 0.012
0.75 0.454 0.002 | 0.538 0.004 | 0.511 0.010 | 1.192 0.015
1.00 0.403 0.014 | 0.492 0.010 | 0.456 0.014 | 1.134 0.009
1.25 0.350 0.004 | 0.433 0.015 | 0.418 0.003 | 1.101 0.012
1.50 0.310 0.003 | 0.374 0.005 | 0.365 0.011 | 1.031 0.002
1.75 0.265 0.011 0.341 0.006 | 0.315 0.005 | 0.978 0.010

COMPLEXING ACTION OF THE VARIOUS REAGENT
MIXTURES

This was determined as follows. Three solution were prepared (according
to Proc. A or Proc. B) contcining a certain amount of zinc. The absor-
bancies were measured and the mean value taken as the absorbance A
for that particular amount of zinc in a final volume of 10 ml.

Then solutions were prepared, containing exactly the same amount of
zinc, but added to this certain amounts of foreign ions, and these absor-
bancies A" measured. From the ditterence A — A" = dA was then calculated
the deviation in zinc content, dZn, based on the slope with a dA of 0.2
corresponding to 1 ug of zinc in 10 ml solution. In Tables VI, VII and
VIII the column uader A gives the deviations and B gives the ratio of
foreign ion to zinc present.

A deviation, exceeding 1 ug of zinc is noted as 1 +.
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The deviation in the zinc found, caused by foreige ions, expressed as

TABLE VI

dZn, in ug of zinc per 10 ml solution.

195
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Foreign ;fr H ) ©) (4) (5
oo Lol AIBl Al B A | Bl A]B| A|B
Ni 250] 0.4 |100 | 0.7 | 40 | 0.01| 40| 0.00] 40| 0.12] 40
25[02 | 10{0.05| 4[004] 4|005| 4003 4
3[001| 1]000] 1]002] 1]005| 1]000] 1
Cu 6601 1.0 1250 | 1.0 {100 | 1.1 [1c00.38)900{ 0.9 {100
66109 | 25)06 | 10]07 | 10020 9|05 | 10
7103 ) 3y02 | 1]o3 ]| 1}003] 1]03 ] 1
Fe (II0) | 280] 05 [100 J 1] 50 [ 14| 50] 0.14] 40f 1] 50
28102 1 10008 5{01 ] s5|006f 4f012] 5
31004 1]003] 1]006] 1{007] 1}003] 1
He (i) | 270 14100 | 0.8 | 50| 0.7 | s0]05 | 40] 14| 50
27105 { 10{07 | 5t04 | s5lo4a | 4|045] 5
31003 1{02 | 102 | t1foor| tfo14] 1
cd 50103 120101 | 9lo00s 034 8103 | 9
51007 2]005 1]000 0.03 0.02] 1
11002} 02 ]0.01|0.1]002}01]004]0.1]0.03] 0.1
Co 29014+ f100 1| 5011 +]| 50/ 1+] 40]1+] 50
290140 1014 51| 511+ 4|l14] 5
3lt+] 1]os5 | 1{o05 | 1{o3 | 1|los | 1
Mn 3501 0.3 ]140 | 0.06| 60 { 0.04] ¢of 0.14| 50] 0.15] 60
35100 | 141001| 6|008] ¢loos| sloos| 6
40021 1}002] 1]00t] 1]00 | 11]0.02f 1
Ca 220{ .1 | 80 | 0.02) 30 ]0.03] 30| 0.04} 30]0.06| 30
221003 8f{001] 3|00 | 3|oot| 3|00 | 3
210021 1]0603] 1]001{ 1]003] 1]0.02| 1
Ba 4201 0.071160 | 0.05| 70 | 0.00| 70| 0.01{ 60| 0.12] 70
421002 16002 7007} 7]003| 6|004] 7
4l001] 2{o003] 1]002] 1loot{ 1{on3| 1
Mg 1101 0.12| 50 | 0.01] 20 | 0.04| 20] 0.08| 20] 0.01] 20
1110021 51003} 2{002] 2}003] 2}004] 2
1100 | 05(0.02{02]002]02]004] 02]0.03] 0.2
Pb 1100 0.0 {420 ] 0.02]180 | 0.01|180] 0.03]| 150 0.01] 180
1101 0.0 | 42| 0.01] 18| 0.04| 18] 0.01| 15| 0.04| 18
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Sn (If), in amounts of 11, 110 and

decolorized. ]J7, in amounts of 13, 130 and 1300 ug: large deviations,
solution, decolorized.

$,0 37, in amounts of 10, 100 and 1000 ug: large deviations, solution
decolorized.

Foreign ;cgr (1) (2) (3) € (5)
o boml Al B] A Bl A|lB| A|B| A[B
11} 0.0 41001 21002 2}002] 2]001] 2
Bi 1300 0.05| 500 | 0.04 | 200 | 0.07|200] 0.06 ] 170 | 0.01 | 200
1301 0.03{ 501{0.03| 20 0.12{ 201009 17017} 2
1310021 51006] 2|004] 21004 2]|002} 2
Al 100] 0.02] 40| 0.04| 161 0.01| 16] 0.04] 13| 0.02} 16
10| 0.02| 4]001] 2]003] 2|00 1002} 2
Sn (IV) ]| 1100] 0.01 | 420 | 0.02 { 180 | 0.03 | 180 | 0.04 | 150 | 0.04 | 180
110} 0.0 | 42]0.0 | 18] 0.04] 18| 0.06] 15| 0.02} 18
11] 0.0 41003 20002} 2(002] 2|00t 2
Fe ()| 6201 — | — |14 }100[ 141001+ 80]0.9 |100
62 — | —|1+]10]03 ] 10|09 8104 | 10
6] — | —}04 11703 1102 1101 1

1100 ug: large deviations, solution

Notes: (1) = used reagent mixturc of Expt,
(2) = used reagent mixture of Expt
(3) = used reagent mixtare of Expt
(4) = used reagent mixture of Expt
(5) = used reagent mixture of Expt

5 and taken 2.62 ug of zinc.

. 10 and taken 6.0 ug of zinc.
. 12 and taken 6.25 ug of zinc.
. 14 and teken 7.5 ug of zinc,
. 15 and taken 6.0 ug of zinc.

The Table shows, that the interference of:

1. copper, iron (III) and mercury (II) is relatively small in the citrate
buffers. This may be due to the citrate itself, but also to the higher
pH of these bufters.

2. cadmium is the smallest in tartrate buffers.

3. cobalt can not be eliminated by any of the buffers mentioned above,
even in equal amounts as zinc.

To investigate the influence of pH, reagent mixtures were prepared con-

taining all three complexing agents, 0.5 mole tartaric acid + 0.5 mole

citric acid and 0.13 mole oxalic acid per liter. Solutions of varying pH
were prepared by adding varying amounts of selid sodium carbonate to
portions of this solution. With these solutions the influence of interfering

ions was determined in Expt. 17 and the results compiled in Table VII.
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TABLE VII,

The deviations caused by foreign ions at various pH’s, expressed as dZn,
in ug of zinc per 10 ml solution.

Foreign ug pH =14 pH =3.0 pH =3.8
. per
ron 0ml | A B A B A B
Cd 1000 1+ 200 1+ 160 |—0.103] 140
100 0.67 20 0.9 16 0.063 14
10 |—0.03 2 0.01 2 +—0.08 2
Hg(LI) 1000 1+1 200 1+1 160 1+ 140
100 1+ 20 1+ 16 0.89 14
10 0.36 2 0.03 2 —0.65 2
Ca 1000 T-+1 200 055 160 |—1.16 140
100 0.19 20 0.39 16 |—1.40 14
10 0.03 2 0.06 2 |- 155 2
Co 1000 141 200 1.55] 160 |—1.16 140
100 1+ 20 1+ 16 | —1.29 14
10 1+ 2 0.47 2 027 2
Ni 1000 0.15( 200 0.03{ 160 [|-—0.67 140
160 1 —0.041 20 0.04 16 0.03 14
10 | — 0.05 2 0.03 2 |—0.05 2
Fe(lID) 1(1)88§ large deviation, solution decolorized
50 | — | — 007 8 |—-029] 8
10 1+ 2 — — —2.78 2
Ma 1000 0.08 | 200 0.031 160 |—0.06( 140
100 0.07 20 0.0 16 0.041 . 14
10 | —0.03 2 | —0.02 2 0.02 2
Pb 1000 0.03] 200 0.00] 160 0.00] 140
100 0.09 20 0.01 16 0.03 14
10 0.00 2 0.02 2 0.03 2
100 0.03 20 0.03 16 0.01 14
10 0.02 2 0.01 2 0.03 2
Bi 1000 0.041 200 | —0.04] 160 116} 140
100 ) — 0.02 20 0.01 16 [ —0.77 14
10 0.03 2 0.01 2 [—0061 2
Sb 1000 0.31{ 200 005{ 160 |—0.11} 140
100 0.23 20 0.01 16 0.08 14
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Foreign ;;o’r pH 14 pH 3.0 pH 3.8

ton 10 ml A B A B A B
10 0.00 2 0.01 2 0.05 2
As 1000 0.71 | 200 0.16| 160 0.16 [ 140
100 0.30| 20 0.03] 16 0.02| 14
10 0.09 2 |—0.03 2 0.00 2
Al 1000 [—0.17 [ 200 0.03 160 |[—0.79] 140
100 |—0.08] 20 0.03| 16 0.04| 14
10 0.02 2 {—0.02 2 [—o0.02 2
Be 1000 0.07 | 200 0.15| 200 0.19] 140
100 | —0.08| 20 0.06] 20 |-—036| 14
10 |—0.03 2 |[—o01 2 0.00 2
Mg 1000 0.0 | 200 0.04| 160 0.08| 140
100 002 20 |[—004] 16 |[—005| 14
10 | —0.05 2 0.01 2 0.02 2
Ca 1000 | —0.09 | 200 0.00] 160 |—0.01] 140
100 0.09] 20 0.03} 16 |—0.02| 14
10 0.03 2 0.02 2 0.02 2
Ba 1000 0.01 | 200 0.13| 160 0.12| 140
100 | —0.06| 20 001 16 |[—151| 14
10 [ —0.02 2 |—o01 2 0.00 2
Li 1000 0.24 | 200 0.00 | 160 0.38 [ 140
100 0.05| 20 0.00 16 0.01| 14
10 0.00 2 0.02 2 0.01 2

The Table shows the pH of 3 to be the most favorable. Large errors occur
at a pH of 3.8, the majority of them showing an incomplete reaction. The
largest errors are caused by cobalt, mercury, copper and cadmium.

These were investigated more deeply and results are compiled in Table
VIL. These two Tables indicate, that nt pH =3, none of the common ions
interfere when present in the same amount as zinc. (zinc taken: 6.0 ug).
Cobalt interferes, when present in equal amounts as zinc.

Copper interferes, when present in twice the amount of zinc.

Mercury interferes, when present in three times the amount of zinc.
Cadmium interferes, when present in five times the amount of zinc.

Iron (IIT) interferes when present in ten times the amount of zinc.

All other ions, do not interfere in amounts up to 100 to 200 times the
amount of zinc.
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TABLE VIIIL

Interference by cobalt, copper, mercury and cadmium. at pH 3.0

Foreign plg A p |Forcisa ;gr A B
% 110 ml 0] 10 mi

Cd 50 0.16 10 Co 30 1.94 6

30 0.03 6 20 1.16 4

20 0.03 4 10 0.47 2

10 0.01 2 5 0.09 1

Hg 50 0.62 10 Cu 550 0.25 10

30 0.15 0 30 0.19 6

20 0.09 4 20 0.16 4

10 0.03 2 10 0.05 2

Note: Column A gives the dZn and column B the ratio foreign

ion to zinc.

An error of 0.1 of zinc is considered as ’no interference”, as to the amount
of zinc taken, 6 ug, this represent an error of only 2%, which lies well
within the experimental inaccuracies of the method used.

INFLUENCE OF THE pH ON THE CALIBRATION CURVES.

The values found at pH 3.8 in Expt. 17 indicated an incomplete reaction.
To check this more fully, several 100 ml of the acid reagent mixture as
in Expt. 17 were neutralized with varying portions of sodium carbonate
so that solutions were obtained with varying phH’s. Calibration curves
were found for these reagent mixtures, using Procedure A, to avoid any
influence of filtering.

Results of this Expt. 18 are compiled in Table IX.
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TABLE IX.

Influence of pH on the calibration curves. Procedure A, absorbancics
of the residual MB at 666 mu, 1 cm cell.

pH
ug zinc 2.30 2.52 2.80 2.95 3.28 3,51 4.05

0.00 1.733 | 1.710 | 1.625 | 1.608 | 1.547 | 0.879 [ 0.830
1.25 1.524 11493 | 1.400 | 1.373 | 1.316 | 0.883 [ 0.714
2.50 1.321 ] 1.287 | 1.230 | 1.117 | 1.073 | 0.870 | 0.701
3.75 1.087 | 1.048 10.975 | 0.900 | 0.854 | 0.757 | 0.648
5.00 0.873 ]0.821 | 0.731 | 0.697 | 0.631 | 0.588 | 0.565
6.15 0.602 10.562 | 0.524 |0.483 | 0493 | 0.475 | 0.585
7.50 0.379 | 0.384 | 0.399 ]0.322 | 0.407 | 0.402 | 0.520
8.75 0.297 10315 | 0.347 [ 0.326 |0.359 | 0.355 | 0.466

When calibration curves are constructed according to the Table, these
will appear to be parrallel up to pH = 3.28, but at pH’s of 3.51 and 4.05
large irregularities will appear, indicating that the Jighest pH value usable
is 3.3.

PRECISION OF THE METHOD.

A reagent mixture was prepared as in Expt. 17 and a multiple determination
was carried out, in which for each certain amount twentyfour samples were
prepared. Details are given in Table IX. In this Expt. 19 the calibration
graph was found from the values of zinc taken and the malnevalue, A_,
of the absorbancics found.

From this calibration graph was found the most probable value for the
absorbance, A__,. The deviations, A A, found and the standard devia-
tion, dA, are based on this value A ;.

The standard deviation dA is of the magnitude 0.05 to 0.1 ug of zinc.

TABLE IX.

Precision of the method, with a reagent mixture of pH 3.05
A, is the mean of 24 measurements.

ug of zinc taken | 875 |7.50 [6.25 [5.00 |3.75 |2.50 |1.25 ]0.00
A, 0.215 [U.426 [0.675[0.933 | 1.190 | 1.446 [ 1.708 | 1.958
A grasn 0.215 10.425[0.679{0.933(1.190 | 1.446 | 1.703 | 1.969
dZn 0.1 ]0.03 |0.05 | 0.05[0.05 |0.05 |0.09 [0.12
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The Table shows that the standard deviation is of the magnitude 0.05 to
0.1 ug of zinc, so in the determination of the interference by foreign ions
the limit of ”no interference” was taken as 0.1 ug zinc. The greatest de-
viations occur at the lower and higher zinc concentrations and in the
middle of the range determinable the relative standard deviation is of
the magnitude 19%,.

Below a zinc content of 2 ug per 10 ml the relative standard deviation
becomes large, at 1.25 ug zinc it is about 10%,.

At higher zinc concentrations the standard deviation increases, but the
relative standard deviation remains of the magnitude 1 to 29%,.

So with the standard Beckman equipment the range determinable is 2 — 8
ug of zinc with a precision of about 19,. However, with procedure A this
method can be readily adapted to semi micro or micro techniques as
no separation procedures, either extraction or filtrations, are required.
Using semi micro Beckman cells the total volume can be decreased to
0.1 or 1 ml and with micro equipment to even less. The amounts of zinc
determinable are then 0.02 — 0.08 or 0.2 — 0.8 ug of zinc,

In Expt. 19 was found that a AA of 0.205 corresponds to 1 ug of zinc,
this giving a sensitivity (5, Op. 47) of 0.0005, while the corresponding
sensitivities with the dithizone and di-2-naphthylthiocarbazene methods
are respectively 0.0016 and 0.0006 ug (5).

For comparison, the factures of the more commonly used photometric
determinations of zinc and this MB are compiled in Table X.

USE OF OTHER PHOTOMETERS.

Leits compensating photometer. The Leitz filter No. 620 was used with ab-
sorption cells of various lightpath’s depending on the intensity of the
color. A straight calibration graph was found, but of a slope less than
with the Beckman and a AA of 0.11 corresponds to 0.13 ppm of zinc.
Coleman Universal Spectrophotometer. Used at 666 mu with 13 mm rectangular
cells. The straight calibration curve has a slope of A A 0.13 corresponding.
to 0.1 ppm of zinc.

Lametron photometer. No filter other than the Lumetron No. 650 was
available. As this wavelength lies just on the slope of the absorption spec-
trum of MB deviations from Beer’s law could have been expected; these
were indeed found.

VISUAL COMPARISON.

Procedure B could be readily adapted to the standard series method,
using metched 18 mm Pyrex testtubes. A MB standard can be used, but
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TABLE X,

Comparison of the MB method with the more important methods of determination of zinc.

Dithizone, A: mixed color

oy B:Y) S-tetra—

Method MB B: mono color. Zincon (4) phenylporphine (1)
Range 0.5 — 2 ug/10 ml 5— 30 u 25— 100 ug/50 ml 10 — 60 ug/25 ml
g g g
A:1—-5 ug/S ml CHCI; (5) (0.5 —2.0 ppm) 0.4 — 2.4 ppm)
(0.2—1 ppm)
B: 5-ugOing/0 — 25 ml CHCI, (5)
(0.2 — 0.5 ppm).
Precision 0, ug, 1% | 0.2 ug (2), 1% I 0.5 ug, 1% 1 ug, 29,
s 0.0016 (dithizone)
SC’EZIQV“Y 0.0005 0.0006 (di-2-naphthylthiocarba-| 0.003 0.0045
zone)
Procedure Sample mixed with MB- fgé’wdc;fégrlcgfn)' S:’:;lglt: s;gic& To sample added buffer | To sample added reagent
buffer- complexing agents and, extragtcd \fith %ithizonc in | 2nd zincon reagent. Di- | in glac. acet. acid and di-
X]Exmr;é NglCl\f].S1 adcclled. CHCI lutid t((i) SO lr)nl, mixed IAJth tt()) 25 ml with same.
ter min. filterc 3 - well and absorbance mea- bsorbance measured af-
Si?n bgoomittcd)l; éxx}—)isglrb‘mcc mcasured - against sured against a reagent | ter one hr, against acet.
ter min, absorban- 3 blank, acid. Reagent not readily
cc measured against (Zzgwmc([)[;ﬁ;léﬁ)r; g Sirggifs b;;gzl;i Zincon very expensive, | available,
water. and zinc extd. with dithizone in
CHCIly Excess dithizone wash-
cd out, diluted and absorbance
measured.
Apparatus Any photometer with the required wavelengths. Visual colorimetry possible with first two.
Interferences | None of the common A. Most of the common ﬁms, Many of the common | Copper, nickel, cobalt
ions in a- 1:1 ratio = coppet cven in sSma ions, even in a 1:1 ratio | and iron (II)
amounts. ’ ’

Cu and Co only in
large amounts,

B. Practically free from interfe-
rence, slight interference by
cadmium
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a solution of copper in a buffer composed of 0.5 F acetic acid and 0.5 F
sodium acetate was found to be a satisfactory and completely stable stan-
dard. The standards were adjusted by comparison with colors of solutions
with known zinc content and increments of 0.64 mg of copper per ml
corresponded to 0.1 ppm of zinc. Although errors up to 109%, occured,
this visual method should be useful for some purposes.

SUMMARY.

In the method developed here zinc is determined by reacting with methy-
lene blue and thiocyanate at pH 3 in a buffer composed of 0.5 mole tar-
taric acid, 0.5 mole citric acid and 0.13 mole oxalic acid per liter, neutralized
with solid sodium carbonate to pH 3. The complex formed is filtered off,
and the resulting decrease in absorbance of MB corresponds to the zinc
present. The method is simple and highly sensitive. None of the common
interferes in amount comparable to zinc and only copper and cobalt in-
terfere when present in a more than 1:1 ratio. Cadmium and mercury
begin to interfere in a 5 : 1 ratio.

A method for visual comparison has been worked out.

The method can readily be adapted to semi micro and micro methods.
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