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ICHTISAR

Rukti uttg duryatt biru nctilena dan liosiatrat diperfunbattgkatt rten-
ijadi tuatrt ?uuth/an tpeklrofolonelris jaug nngat pekak untuk sn?
dalan mana seng ilu direaksikan dengan biru wetilena den tiosianat de-
ngart nengltasilkan uatu konpleks jang lak lant.
Konphks ini disaring dan berkurangttja djnmlalt serg diaknr. Dengan

i.al putkonpelkt jarry teuui depat diltilaugkdil gdugguan dari kebatrjal<an
iott.iang untunt te rdepat ualarpun djunlaltnja buar, ketjrrali mnk Cobah,
lenltaga dan rak.ra, iatf n/ant ltattja tidak akan nutg.qauggu kalau djum-
laltnja futjil. Ditilik dari rcgi ke"rcdubanaan, kepakaan dan keltebasan
dari gang,quan tjara ini mengmlrtngkan djika dibaudingkan den.gan ljaraz
dellteion dan qitcon.

ABSTRACT

1'Le reaclitn r,f 4fuc n'illt nc/lllans b/uc and tltioc-yanale is dcrclo1:el
ta a ltig/t/1 urtsitiae gectropltat0t?tetric delernination af 4inc irr vlticlt
the utkr;on'tt qinc fu reacted n,itlt metly'lene Lthrc and iltiocyanate, giting an
ittsahfulr rcn/flt.\.
Tltit i: f)llered off and tbe decrease in llte anotntl of qinc presenl, is ntea-
stmd. Suitab/e rtasking a4e,rh pre!'e,it iulerJ'ereuce of ntos! contmo:t iotts,
e\r a'hen prertt in large anlltil.r, ercept n'itb coball, coppcr, cedmiunt
atd mercurl' n.'bich da nol interfcre i;f prcsent in snall anuottr 0nb'. In
simplicill', sen:itiuitl and -frcedom from inter"ference tltit meiltod czmpdrer
fororabl'n'itlt tbe ditbi4one attl <iilcur ne/bodr.

IN'I'RODUCTION

The rcaction ci zinc v;ith a.n e\cess of methvlene bluc (hcrc shortenccl:
N{B) and thiocvanate \rill result in a dccrease in absorbance of the rc
maining NfB s'hich subsequentlr can bc used as a basis t-or a photomctric
determinaticn of zinc.
The various factors influencirrg this clccre:rse har-c bccn discussed in a
prerrious paper (3), showinc that:
- the pFI should preferablv lie betu'ecn 3- 3.5.
- readings shoulci be rnade after 60 minutes.
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- the temperature should be corrected for or bc kept betu,'een 23"C and
29"c.

- the sensitivitv is extremelv high.
Because of the possibiiities shov,ed bv this method, an attempt was macle
to e'i.aluate this method more in detail g'ith respect to simplicitl,, sensitir'-
itv, precision and freedorn trom interttrence.

EXPERIN{E,N]'AL DEI',\ILS

fwhunteittatioa. Photometric measurements v-ere made with the Beckman
DU spectrophotometer. In a few cases the Colcn.ran Universal spectro-
photometer, the Leitz compensatine photometer and the Lumetron photo-
rTreter were used.
Reagents. Where ar.ailablc, Reagent Grade chernicals u'ere used the same
as deseribed in (3). ,
Glasu-ool. Pyrex Reagent Grade, purit'ied b1 soaking overnight in 1 F
h1'drochloric acid, washed untill neutral to litmus paper and dried.

NfETHODS USE,D

Solutions containing knos'n amounts of zinc in a volume of 4.00 ml were
prepared b.v taking n ml of the zinc standard solution and (4- n) ml redis-
tilled water in a P1'rcx testtube . Into this was pipettcd 5.00 ml of a mixture
of the appropiate bufttr containinq complexing asents ancl a suitable
amount of N{B. Mixing directll,' in a Beckman cell rvas not f easible because
the complex plated out on the cells. At the moment the last reagent, 1.00
ml of thiocyanate solution v'as added, the stops'atch was started and the
mixture shaken.
In procedare A the mixturc was left standing at room tempcrature and
thc absorbance at 666 mu measured (water as blank) atler 60 minutes.
In procedure B the mixture was left standing at room temperature in a
beaker of wa.ter. After 55 minutes the solution rvas filtered through a
plug of 30- 50 mg of loosely packed Pyrex glassu'ool.
The first tvzo ml were discarded, the following tiltrate caught directly
in the Beckman cells and the absorbance at 666 mu measured (water as
blank) after 60 minutes,

E,XPE,RIIVfENTAL RE,SULTS, PROCEDURE A

In all these follov'ing experiments bufrtr mixtures (at once acting as com-
plexing agents) containing 0.375 mole of tartaric acid and 0.375 of sodium
hvdrogentartrate pcr l i tcr v,'ere used.
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f'o this mixture vras added the rcqr.rired amount of NIB. All cleterminations
were carried out in triplicate, exccpt rvhere otherwise stated. T'he resul-
ting mean values and standard devi'tions, dA, and the detailecl experi-
mental conditions are cornpiled in f'ablcs I and II. Some representative
calibration curves are given in Graph. 1, which shorvs varving shapes with
differcnt sets of reagents.

o 25 50

/ .19 zrnc per 10 ml

GRAPH I

In Experiments 1 to 5 these have the same general shape, the beginning
and the end showing a deviation from BEBR'S las'.
'rhe 

deviation in the beginning is caused b,v the fact that the zinc in very
low concentration does not react rvith the l.IB and thiocl'anate. However,
bv adding a suf{icient amount olzinc 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 lav' occur, but straight calibration
clrrves are obtainecl v'ith up to 2.5 ppm of zinc (Expt. 8 and 9).
1'he slope is practicallv the same and 0.1 ppm oizinc corresponcls to n
clif ' tcrence in absorbance. dA :0.2A1..
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NaCNS
MB/liter

Expt.  4.
s.03 F(B)

Znllomll A- arr I n- dA I A- clr\ A,. dA

25 mg IIB(

0.941 0.0
0.908 0.01
0.711 0 .
0.584 0.
0.457 0.001
0.370 0.01
0.278 0.
0.345 0.

L,xpt. 1.
3.2 rr(A)

20 mg IIB(A

IJxpt. 2.
3.s tr(B)

20 mg NIB(A

Espt. 3.
s.03 F(B)

22.5 mg N1ts(,\

0.00
0.65
L.31 ,
1,.96
2.61,
'2, aA

3.92
4.57

0.948 0.02311.06e 0.
0.831 0.00710.998 0.
0.744 0.00410.947 0.01
0.611 0.00610.869 0.01
0,947 0.005t0.759 0
0.381 0.00610.622 0.
0.273 0.00110.482 0.
0.235 0.007t0.368 0.

0.886 0.01
0.808 0.01
0.709 0.
0.s63 0.
0.434 0.001
0.311 0.001
0.241 0.
0.161 0.001

0.466 0.
0.381 0.
0.250 0.
0.204 0.

0.934 0.031
0.801 0.011
4.744 0.
0.606 0.011
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TABLE I. Absorbance of the residual MB at 666 mu (1 cm cell)

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

NaCNS
Ir'lBilit.

Exp t .  61 ) Expt.  7 2) Expt. 8 r) L,xpt. 9 2)

3.78 rr(A)
25 mg NIB(A)

3.78 F(A)
25 mgIIB(A)

3.78 F(A)
25 mgi\IB(A)

3.78 F(A)
25 me'N{B(A)

4/n110
ml dr\ dA,\*

pgZnl l0
ml

A^ dA A_ dA

0.0t)
t , . o5

1 . 3 1
1 . 9 6
2.61
2.94
3.26
3.59
3.92
+.zJ

4.57
4.94

Rctnarks

1.0u0 0.001 I
o.eos 0.012 I
0.7s5 0.018 I
0.637 0.014 |
0 .s12 0.007 |
0.444 0.004 |
0.388 0.001 |
0.342 0.007 |
0 .2e2 0.018 |
0.2se 0.007 |
0.230 0.00s I
0.22e 0.007 |
In all these
sed of 0.371
hvdrogen tz
t) 2 x 10-{
2) 4 y 10-t

0.907 0.050
0.752 0.016
0.633 0.014
0.502 0.008
0.371 0.013
0.325 0.006
0.285 0.007
0.2s4 4.002
0.232 0.007
0.210 0.011
0.206 0.006
0.203 0.00s l
expe riments
mole of tar

rtrate per litr
mmole zinc
mmole zinc

| 0.00

|  0 .16

| 0.33

| 0.65

| 0.e8

|  1 .14

|  1 .31

|  1 .63

I  t . to
1 . 9 6
2.28
2.61 I

was used
'taric acid
:r, adjuste<
per l iter.
per l i ter.

| O.eee 0.007

I 0.e4e 0.037

| 0.es0 0.003
10.902 0.016 i
0.832 0.006 i
0.803 0.008 |
0.766 0.014 |
0.701 0.002 |
0 .660 0.018 |
0.(,29 0.011 |
o.si6 o.oo8 I
0.s07 0.00i I
a buffer rnix'

f 0.375 mole
I s'ith

0.863 0.016
0.841 0.019
0.812 0.002
0.741 0.010
0.688 0.010
0.674 0.006
0.623 0.008
0.559 0.016
0.s36 0.002
0.497 0.010
0.444 0.073
0.382 0.020
ure comPo-
of sodium
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Complexing action of this bufier mixture is quite sr.tisf'actorv, as will be
discussed in a latcr scction.
Some difticulty rvas causcd bv gradual plating and floccing out and at
higher zinc concentrations deviation occured, caused by the turbidity
of the precipitate. f'his was avoided by filtering olT the complex (pro-
cedurc B) in the following erperiments.

EXPE,RIMENfAL RI]SULTS, PROCEDURE B.

In all these experiments only purified MB was used. Various buft-ers and
complexing agents were investigated.
The reagent mixture containeci approx. 25 mg of MB per liter and enough
zinc to start the crrrve at an absorbance of about 1.9.

z/z
/,/"

/7
i/

/  , r2t  o = Expt 10

, ,o  , / /  a  =  Erp t  13

/ r / "  

v = E x o t  1 4
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z
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o
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/

2 5  5

/ . .1  I  z rnc  Per  10  ml
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A. Tartrate as btffer and as caaQlexing agett.

The reagent mixture contained per liter 1 mole of tartaric acicl and
0.2 moles of sodium hydrogentartrate.
In Expt. 10 was added 24 mg MB (A, pur) ancl in Expt. 1L was added
24 mg MB (B, pur).
Results compiled in Table III and Graph 2 shorv that the reprodrrci=
bilit,v 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; thc slope is practicall) the same as with proccdure r\

and a dA of 0.208 corresponds to 0.1 ppm of zinc.

B. Tdrtrate as bt'ffer anti eilt1/ene diauine as catitplexing agent.
T'he reagent mixture contained 1.5 mole of tartaric acid, 0.5,mole
of eth,vlene cliamine h1 drate ancl 0.25 mole of sodium hydrogentar;

trate dissolvecl in 1 litcr hot water. After cooling, the white crystals
formed (possibl_-v ethvlene ciiamine tartrate) 'uvere filtered off and 24

mg MB (A, pur) addeci to thc ciear solution and diluted to 1 liter.
Results of Expt. 12 compiled in f'able III shorv larger deviations but

on the whole are sirnilar to those in Expt. 10 and 11; the slope is
slightly smaller, dA is 0.198 per 0.1 ppm of zinc.

C. Dicltlaro acetate as buffer and ltrlrtte at canp/exirtg agent.

T'he 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 l{vdrion paper).
Rcsults of Expt. 13 compilecl in Tabie III and Graph 2 show results

similar to those in Expt. 1.2; here, dr\ is 0.201 per 0.1 ppm of zinc.

TABLE III.

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

3.6 F; 24 mg N{ts (pur) per l i ter.

Expt.  13
A_ dA

r.892 U.068 |  r .765 0.U39
1.675 0.01s |  1 .502 0.014
1. .108.001s I  t .z l t  o .ot r )
r.168 0.020 I 0.e60 0.027
0.919 0 .025 I  0 .718 0 .021
0.614 0.003 | 0.496 0.028
0.332 0.0i4 | 0.262 0.425

|  0 .131 o.o2o

L,xpt. 10
A* cir\

-h,xpt. 11
A,, dA

Expt.  12
A-  dA

1.856 0.008
1.608 0.008
1.345 0.008
1.077 0.008
0.808 0.010
0.603 0.011
0.328 t).009
0.128 0.019

0.u0 | 1.e21 0.u20
1,.25 | 1.64'1 0.008
2.50  |  1 .389 0 .005
3.15 |  1.142 0.022
.5 .00  |  0 .8? l  0 .011
6.25  |  0 .614 0 .006
7.50 | 0.450 0.00s
8.7s  |  0 . i . tS  0 .019
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D. Ci/rute dtd ldrlrute as brffti' di:d ds c0/ilplexirtg a3ertt.
T'l ie rcagcnt mirturc contirincd per l i ter 1 mcile citric acid, 0.5 mole

, sodium hvdrogen tartra-te and 24 mg N{B (A, pur); the pH was approx.
3.5 (pH Hy<irion paper,\.
Rcsults of F)rpt. 14 coirrpiled in Table IV and Graph. 2 show rcsults
similar to Erpt. 10 ancl 11; dA is 0.202 pcr 0.1 ppm of zinc.

E. Oxa/atc as brfJar and tarlralc as caillple):iilg dgent.
Tbe reagent micxture contained per liter 1 molc tartaric acid, 0.15

. molc oxalic acid, 0.1 mole sodium hvdrogen oxalate and 22.5 mg
MB (pur); in Expt. 15 A v'as used MB (A. pur), in 15 B NfB (8, pur)
and in 15 C A,'fB (C, pur), The results compilccl in T'able IV show
quite a satisfactor)' agreenent and di\ is 0.206 pcr 0.1 opm of zinc.

TABLE IV.

Absorbance of the resiclual MB at 666 mu (1 cm cell); 1 ml NaCNS (B)
' 

3.6 F; 22.5 mg, B (pur) per l i ter.

p.g Zn per
10 ml

-
0.00

2.C0

3.00

4.00

5.00

6.00

7.00

9.00 '

Expt. 14
A- cir\

1.921 0.A38

1.537 0.C05

t.334 0.011

1.138 0.003

0.904 0.03s

0.721 0.009

0.517 0.009

0.333 0.013

Expt,  154
'\- dA

1.78s 0.018

1,.596 0.063

1.408 0.008

1.206 0.412

1.0 i2 0.009

0.791 0.004

0.583 0.015

0.378 0.010

Expt. 15ts
r\ dA

nl

1.807 0.013

1.695 0.013

1.495 0.009

1,.291 0.003

1.095 0.004

0.876 0.018

0.653 0.030

0.463 0.010

Expt.  15C
A d A

m

1.924 0.014

1.755 0.030

1.508 0.030

1.322 0.413

1.1,25 0.017

0.918 0.002

0.741 0.030

0.531 0.024

T'o improve the reproducibilitv some zinc s'as addcd to the reagent
mixture and this .was usecl in Expt. 16. where smaller increments
of, zinc were taken.
The rcsults compiled in Table V are satisfactor_v and shorv a bettcr
reproducibil i tv.
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TABLE V.

Absorbance of the rcsidual MB at 666 mu (1 cm cell); 1 ml NaCNS

(B) 3.6 F; 5 mg NfB. (pur) per l i ter.

ug Zn per
10 ml

Expt. 16A
dA

Expt.
A

m

168
Or \

Epxt.

m

16C
dA

Expt. 16D
A_ dA

0.00

0.25

0.50

0.75

1.00

7.25

1.s0

1.75

0.595 0.012

0.561 0.014

0.511 0.013

0.454 0.002

0.403 0.014

0.350 0,004

0.310 0.003

0.265 0.011

0.697 0.002

0.640 0.000

0.s85 0.009

0.s38 0.004

0.492 0.010

0.433 0.015

0.374 0.005

0.341 0.006

0.656 0.009

0.599 0.01s

c.552 0.016

0.s11 0.010

0.4s6 0.014

0.418 0.003

0.365 0.011

0.315 0.005

1.344 0.004

1.303 0.002

1.248 0.012

1.192 0.015

1.134 0.009

1.101 0.012

1.031 0.002

0.978 0.010

COMPLE,XING ACI'ION OF ]'HE, VARIOUS REAGENT
MIXTURES

This was determined as follou's. T'hree solution were prepa.red (according

to Proc. A or Proc. B) contr.ining a certain amount of zinc. The absor-
bancies \r/ere measured and the mean value taken as the absorbance A

for that particular amoLrnt ol zinc in a final volume of 10 ml.

Then solutions $/crc prepared, containing; exactlv thc 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

corresponciing to 1 ug of zinc in 10 ml solution. In Tables VI, VII and
VIII the column undcr A gir.es the cieviations and B gives the ratio of
foreign ion to zinc prcscnt.
A deviation, excecciing 1 ue of zinc is noted as 1 f .
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TABLE VI.

The deviation in the zinc found, causcd br- foreign ions, exprcsscd as
dZn, in ug of zinc pcr 10 ml soh-rtion.

F-e (III)

Hg (II)

250
25

660
66
7

280
? a

3
270
27
3

50
5
7

290
29

350
35

224
22
2

420

,1
T

1 1 0
11,

I

1100
110

0.4
0.2
0.01
1 .0
0.9
0.3
0.5
0.2
0.04
1+
0.5
0.03
0 .3
0.07
0.02
'l -L

1 rr T

t +

0.3
0.0
0.02
c.1
0.03
a.c2
0.07
0.02
0.01
0.12
0.02
0.0
0.0
0.0

100
10
1

254
25
3

100
1 0
1

1f)0
1 0
1

20
z

4.2
100
1 0
1

140
14
1

80
8
1

160
1 6
z

)U
\

0 .5
QA
42

0.7
0.0s
0.00
1 .0
0.6
0.2
1 l

0.08
0.03
0.8
0.7
0.2
0.1
0.05
0.01
1 -1 -
' l l
r -t-

0 .5
0.06
0.01
0.42
4.02
0.01
0.03
0.0s
0.42
0.03
0.01
0.03
0.02
0.02
0.01

40
A4t

1,
100
1 0
1

50
5
1

50

1
9
1,

0 . 1
50
5
1,

60
6
1

30
3
1

70
7
7

20
z

0.2
180
18

0.01
0.04
0.02
1 .1
u . t
0.3
1+
0.1
0.06
0.7
0.4
4.2
0.05
0.00
0.02
1 lr - r

1+
0.5
0.04
0.08
0.01
0.03
0.0
0.01
0.00
0.07
4.02
0.04
4.02
0.02
0.01
0.04

0.00
0.0s
0.05
0.38
0.20
0.03
4.14
0.06
0.07
0.5
4.4
0 .01
a.34
0.03
0.04
1+
1+
0.3
0 .14
0.08
0.0
0.04
0.0i
0.03
0.01
0.03
0.01
0.08
0.03
0.04
0.03
0.01

40
4
1.

900
9
1

40
AT

1,
40
4
1
8
1,

0 .1
40
4
1

50
5

1,1
30
3
1,

60
6
1

20
2

0.2
i50

I )

0.1,2
0.03
0.00
0.9
u.)
0.3
' t l
r  - r

0.1 '2
0.03
1+
0.45
0.14
0.3
0.02
0.03
1+
f -i,
0 .8
0 .15
0.06
0.02
0.06
0.0
0.02
0.1.2
0.44
0.03
0.01
0.04
0.03
0.01
0.t)4

40
+

L

100
1 0
\

50
5
1

50

1,
9
"1

0 . 1
50
5
1

(r0

6
1

30
3
7

70
7
7

20
2

4.2
1 8 0
1 B

40
I

1,
1C0
1 0
1

50
5
1

50
5
L
9
1

0.1,
50
5
1

60
6
1

30
3
"t

70
7
1,

20
2

0.2
1Ei)
1 8

.;Jl*'l,rl, (4)

^T
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B
- z

200
20

a
L

1 6
z

180
1 8

z

i00
10
1

1,1
1300
130

] J

1C0
10

0.0
0.05
0.03
0.02
4.02
0.02
0.01
0.0
0.0

410 .01  I  2 0 .021  210 .021  2 l  u .01
Bi s00 | 0.04.1 2c0 0.07 | 2001 0.06 | 170 | 0.01

50  10 .03  I  20 a iz t  20  t  0 .0e  I  17  t  0 .17
s l0 .06  l  2 0 .04  |  21  0 .041  21  0 .02

A1 40  10 .04  I  16 0 .01  I  161  0 .041  13  I  0 .02
4 la .u l  2 0.03 I  2 t  0 .a 't | 0.02

)n (rv) | 1100 42010 .0211800.03 | r80 | 0.041 1s0 | 0.04
1 1 0
1 1

43 | 0.0 1 8 0 .041  1810 .061  l s l 0 .02
4  t  4 .031  2 0 .02  t  2 t  0 .021  2 t  0 .01

(ii) I 620 - 1 1 - t 1 1 g g 1-110011  l80 l0 .e
62
6

- lr- l  ro 0 .3  |  1010 .9  |  810 .4
- l  ' 1 . 4  |  1 0.3 11a .2  |  110 .1

Sn (II), in amounts
decolorizeci. J-, i.t

o f  1 1 ,  1 1 0  a n d
amoL,.nts of 13,

1100 ug: large deviations, solutio
130 and 1300 ug: large deviati

solution, ciccolorized.
SrO 3-, in amounts of 10, 100 and 1000 ue: laree cleviations, solution
decolorized.
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rcagent mixtr.rrc of
reagent niixturc of
reagent n]ixture of
reagent mixture of
reaqcrlt nrixture of

E,rpt. 5 and taken 2.62
Ilxpt. 10 and taken 6.0
Ilxpt. 12 and taken 6.25
Expt .  14 anci  taken 7.5
Expt, 15 and taken 6.0

(1) : used
(2) : oted
(3) : used
(4) : ttseti
(5) : used

ug of zinc.
r.rg of zinc.
ug of zinc.
ug of zinc.
ug of zinc

f'he Table shows, that the interference of:

1. copper, iron (III) ancl mcrcury (II) is relativel)' small in the citrate
buffers. l'his may be due to tl-re citrate itself, but also to the higher
pH of these bufttrs.

2. cadmium is the smallest in tartrate buffers.
3. cobalt can not be eliminated b,v any of the buffers mentioned above,

even in equal amounts as zinc.
To investigate the influcnce of pH, rcagent mixtures were prepared con-
taining all three complexing agents, 0.5 mole tartaric acid 1 0.5 mole
citric acid and 0.13 mole oxalic acid per liter. Solutions of varving pH
were preparecl by adding r.arving amounts of selid sodium carbonate to
portions of this solution. \X/ith thcse solutions the influence of interfering
ions was determined in Expt. 1,7 and the results compiled in Table VII.
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Foreign
ion

Cd

FIg(iI)

Fe(iII)

1000
100
10

1000
100
10

1000
100
10

1000
100
10

1000
1C0
10

1000 )
100 |
50
i0

1000
100
10

1000
100
i0

100
10

1000
100
10

1000
100

1 \

0.67
- 0.03

1 L

1 I

0.36
1 lr - T

0 .19
0.03
1 I_ l

1 - L
a l

0 . 1 5
- 0.04
-- 0.05

1+
0.08
0.07

- 0.03
0.03
0.09
0.00
0.03
0.02
0.04

- a.a2
0.03
0.31
4.23

204
20
2

20a
20
2

2C0
20

Z

204
20
2

200
20
2

2
200
2A
2

200
2A
2

20
Z

200
20
2

200
20

in ug of zinc per 10 ml solution.

tLg  
I  pF t  :1 .a

10ml  I  , \

INS'I'ITUT TEI(NOLOGI B,\NDUNG

t97

TABLE VII.

Tlie deviations caused by tbreign ions at various pFI's, expressed as dZn,

large cleliation, solution decolorizccl

,1 I

0.9
0.0i
1 - !
-1 l

0.03
0.55
0.39
0.06
1  .55
1 J

4.47
0.03
0.04
0.03

0.07

0.03
0.0

- a.a2
0.00
0.01
0,02
0.03
0.01

- 0.04
0.01
0.01
0.05
0.01

1,60
1 6

z

160
L 6

L

160
l o

z

160
1 6
2

i60
1 ( )

z

B

160
1 6

Z

160
1 6

L

1 6
Z

160
1 6
z

I b(J

1 6

1,40
14
z

140
1,4

az

1.40
14
z

140
1 4

Z

140
14
z

8
z

140
74

L

140
14
z

1,4
z

140
1 4

Z

140
1,4

0.103
0.063

- 0.08
1 r

0.89
- 0.6s
-  1 . 1 6
_ 1.40
-  1 . 5 s
-  1 .1 ,6
_ 1 ) c l

- 0.27
,- 0.67

0.03
- 0.05

- 4.29
-  2.78
- 0.06

0.04
4.02
0.00
0.03
0.03
0.01
0.03
1 .16

- 0.77
-  0.61
-  0 .11

0.08



Foreign
ion

ug

Per
10 ml

1 , .4pH pH 3.0 pH 3.8

,\ B ,t1 B A B

As

AI

Be

Mg

Ca

Ba

Li

10
1000
100
10

1000
100
10

1000
100
10

1000
100
10

1000
100
10

1000
100
10

1000
100
10

0.00
0.7r
0.30
0.09

-  0 .17
- 0.08

0.02
0.07

- 0.08
- 0.03

0.0
a.02

- 0.0s
- 0.09

0.09
0.03
0.01

- 0.06
- 0.42

0.24
0.05
0.00

a
Z

200
20

L

204
20
2

240
20

z

240
20

z
200
20

z

200
20
2

200
20
2

0.0i
0.10
0.03

- 0.03
0.03
0.03

- 0.02
0.15
0.06

- 0.01
0.04

- 0.0,+
0.0 i
0.0(l
0.03
a.a2
0 .13
0.01

-  0.01
0.c0
0.00
0.02

2
160
16
2

160
76
z

200
20

a
Z

160
1,6
2

160
1 6
z

160
1,6
z

1.60
1,6

az

0.05
4.76
0.02
0.00

- 0.79
0.04

- 0.02
0 .19

-- 0.36
0.00
0.08

- 0.0s
0.02

- 0.01
- 0.02

0.02
0.12

-  1 .51
0.00
0.38
0.01
0.01

2
140

1 A
I t

2
1,40
74
2

1.40
1.4
2

1,40
t4
2

1.44
1.4
2

1,40
1,4
2

1.40
1,4
2

1 9 8 ISJRIN NOERDIN

The I'able 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, mercur,lr, copper and cadmium.
These were investigated more deeply and results are compiled in Tablc
VIL These two Tables indicate, that nt pH :3, none of the comnot iotts
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 trvice the amount ol zinc.
Mercury interferes, when present in three times the amount of zinc.
Cadmir-rm int€rferes, when present in five times the amount ol zinc.
Iron (III) 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 VIII.

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

50

30

20

10

50

JU

2A

10

0 .16

0.03

0.03

0.01

0.62

0.15

0.09

0.03

10

o

4

z

1 0

6

A
?

z

JU

20

10

550

30

20

10

r.94

r . l o

0.47

0.09

a.2s

0.19

0 . 1 6

0.05

6

A
T

2

1.

I U

6

+

z

Column A gives

ion to zinc.
the clZrr ancl column B the foreign

An crror of 0.1 of zinc is considered as "no interference", as to the amount
of zinc taken, 6 ug, this represent e.n error of only 2o,/o, which lies well
within the experimental inaccuracies of the method used.

INFLUENCE OF T.HE, pH ON THE, CAI,IBRAT.iON CURVES.

f he values found at pH 3.8 in Expt. 17 indicatecl an incomplete reaction.
To check this more fully, several 100 ml of the acid reagent mixture as
in Expt. 1.7 were neutralized with varying portions of sodium carbonate
so that soh,rtions were obtained with varying phFl's. Calibration curyes
u'ere fbunci for these reagent mixtures, using Procedure A, to avoid any
influence of filtering.
Results of this Exr;t. 18 are compiled in Table IX.

Foreign
ion

ug
per

10 ml
,\ I o lForeign
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TABLE IX.

Int'luence of pH on the calibration curves. Procedure A, absorbancies
of the resiiual I\IB at 666 mu. L cm cell.

pH

1.71,0
1 .493
1.287
1.048
0.821,
0.562
0.384
0.315

1..625
1.400
1.230
4.975
0.731
0.524
0.399
4.347

1.608
1.313
1.117
0.900
0.691
0.483
0.322
4326

1,.547
1,.316
1.013
0.854
0.631
0.493
0.407
0.3s9

0.879
0.883
0.870
0.757
0.588
0.475
0.402
0.355

0.830
0.774
0.701,
0.648
u.505

0.585
0.520
0.466

When calibrati<>n curvcs are constru-ctecl according to the T'able, these
will appear to be parrallel up to pFr :3.28, but at pH's of 3.51 and 4.05
large irregrrlarities will appear, indicating that the bighest pH uahrc usable
h 3.3.

PRE,CISiON OF TitE, A'TE,THOD.

A reagent mixture was prepared as in Expt. 17 and a multiple determination
was carried out, in which for each certain amount twenl,four sanp/et were
prepared. Details are given in Table IX. In this Expt. 19 the calibration
graph was found from the vah-res of zinc taken and the malnevalue, A_,
of the absorbancics founci.
From this calibration graph was found the most probable value for the
absorbance, A*-or,. The cieviations, [A, found anci the standard devia-
tion, dA, are based on this value A"r"pt.
f'lre standard deviation dr\ 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 8.75 7.50 6.25 5.u0 3. '75 2.5t) t .25 0.00
l 1 -

Ag."ph

dZn

0.2r5
a.Ts
0 .1

a.126
0.425
0.03

u.675
0.679
0.05

0.933
0.933
0.05

1 . 1 9 0
1.190
0.05

1.446
r.446
0.05

1.708
r.743
0.09

1.958
1,.969
0.72

ug zinc I z.x 2.80 | 2.9s

0.00 | 1..733
1.25 | 1,.s24
2.5A | 1,.321_
3.75 |  i .087
s.00 | 0.873
6.1s I A.602
7.50 | As79
8.7s | 0.29'7
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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 tire relative standard deviation is of
the magnitude 1.o/o.
Below a zinr content of 2 ug per 10 ml the relative standard deviation
becomes large, at 1.25 ug zinc it is about 101d.
At higher zinc concentrations the standard deviation increases, but the
relative standard deviation remains of the magnitude 1. to 2o/o.
So with the standard Beckman equipment the range determinable is 2 - 8
ug of zinc v'ith aprecision of about 1]l.Hou'ever, rvith procedure A this
method can be readilr'' adapted to semi micro or micro techniques as
no separation procedures, either extraction or filtrations, are required.
Using semi micro Beckman cells tl-re totai volume can be decreased tc>
0.1 or 1 ml and rvith micro equipment to even less. The amounts of zinc
determinable are then 0.A2- 0.08 or A.2- 0.8 ug of zinc.
In Expt. 19 was found that a 7\A of 0.205 corresponds to 1ug of zinc,
tlris giving a sensitivjty (5, 0p. 47) ol 0.0005, while the corresponding
sensitivities with the dithizone and di-2-naphth5.lthiocarbazene methods
are respectively 0.0016 and 0.0006 

"g 
(5).

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

LTSE, OF OTHER PHOTOME,TERS.

Leili cotttpensating photoneter. The Leitz filter No. 620 rvas used with ab-
sorption cells of various lightpath's dcpending on the intensity of the
color. A straight calibration graph was found, but of a slope less than
s'ith the Beckman and a AA oi 0.11 correspond-s to 0.13 ppm of zinc.
Colanan Uniaersal Spectrophotomeler. Used at 666 mu v'ith 13 mm rectangular
cells. 'I 'he straight calibration cr.rn'e has a slope of 4A 0.13 corresponding.
to 0.1 ppm of zinc.
Lantetron photoneter. 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 tbund.

VISL]AL COMPARISON.

Proceclure B could be readilv adapted to the standard scries method,
using metched 18 mm P1,rex testtubes. A NfB standarcl can be usecl, but
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TABLE X.

Comparison of the N{B method with the more important methods of deterrnination of zinc.

z

O-

'f

O

o

Fl

c

7,

c\

X{ethod

Range

Apparatus

Intcrferences

MB

0 . 5 - 2 u g l 1 0  m l

0.0005

Samplc mixcd rv i th XIB-
buffcr- complcxing agcnts
mixturc.  NaCNS added.
Aftcr 55 rnin. filtercd
(can bc omit tcd).
Aftcr 60 min, absorban-
cc measurcd against
watcr.

Dithizone, A: mixed color
B: mono color.

5- 30 ug (2)

I  o.z ug (2),  1";

A : 1 - 5 u g / 5  m l  C H C I '  ( 5 )
(0.2 - 1 ppm)

B: 5-ugOing/O - 25 ml CHCI' (5
(0.2 - 0.5 ppm).

Zincon (4)

25 - 100 ug/50 ml
( n \ - 2  O  n n m \
\ " . -  - ' "  v Y " ' J

a, p,y,3-tetra-
phenylporphine

70 - 6O usl25
0.4-2.4 ppm)

(1)

ml

Precision 0, ug, 1 l,{,

Sensitivity
(ug)

Proccdurc

0.5 ug, 17o

Any photomcter with the required wavelengths. Visual colorimetry possible with fitst two.

. Most ot the common lons,
copper even in small
amounts.

B. Practically free from interfe-
rence, slight interference by
ca(lmlum

Many of the common I Copper, nickcl, cobalt
ions,  even in a 1:1 rat io I  and i ron ( l l )

0.003 | 0.0045
0.0016 (dithizone)
0.0006 (di-2-naphthylthiocar

To samplc addcd reagent
in elac. acct. acid and di-
luted to 25 ml n'ith same.
Absorbance measured af-
tef one hr, against acet.
acid. Reagcnt not readily
available.

tlli-xed color (A).
rcd. comolcxinrrcd, complcxing agcnts added
and extractcd wi th d i th izonc in
cHC13.
Absorbancc mcasurcd against
cHCls
tr[oro eolcr (B). Samplc buffer-
ed, complexing agents added
and z inc cxtd.  wi th d i th izone in
CHCI, Excess dithizone wash-
cd out, diluted and absorbancc
measurcd.

To samplc addcd buffcr
and zincon rcagcnt. Di-
luted to 50 ml, mixed
well and absotbance mea-
sured against a reagent
blank.
Zincon vcry cxpcnsive,

None of the common
ions in a- 1 '. 1 ratio :
Cu and Co only in
large amounts.



a solu-tion of copper in a buft'er composed of 0.5 F acetic acid ancl 0.5 F
sodium acetate was found to be a satisfactory and completely stable stan-
dard' The standards were adjusted by comparison with .olort of solutions
with knou'n zinc content and increments of 0.64 mg of copper per ml
corresponded to 0.1 pprn of zinc. Although errors up to 10o/o occured,
this visual mcthod should be useful for some purposes.

S U M M A R Y .

In thc method devel.ped here zinc is determined b1, rcacting with methy-
lene blue and thiocl anate at pH 3 in a buft'er composed ot' 0.5 mole tar-
taric acicl, 0.5 mole citric acici and 0.13 mole oxalic acid per liter, neutralized
rvith solid sodium carbonate to pH 3. The complex foimed is filtered oft,
and the resulting decrease in absorba.nce of MB corresponcls to the zinc
prescnt. T'he 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. cadmi.rm and mercurv
begin to interfere in a 5 : 1. ra.tio.
A method for visual comparison has been worked out.
The methoci can readilv be adapted to semi micro and micro methods.
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