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SPECTROFIOTOMDTRIC DETER1INATION OF NICKEL IN STEEL 
WITh POTASSIUM DITHIO-OXALATE 

I NTRODUCTIO N 

Nickel is commonly determined by means of methods 

*hich aro gravinietric or titrimetric in nature. Moro re- 

cently, due to the development and wide distribution of the 

spoctrophotomoter, it as been possible to apply colorimot- 

nc procedures to quantitative analysis with an accuracy 

comparable to that of the more common methods. Thus absorp- 

tion spectroscopy has been applied ver,r successfully to the 

determination of nickel as vieil as many other suòstinces. 

Jones arid Tasker (4, pp.1904-1909) in studying the 

cnractenistic reactions of vauhlous metal salts with potas- 

slum dlthio-oxalato, reported that this substance was a 

very sensitive reagent for nickel. They also suggested 

that the complex formed was potassium riickelo-dithio- 

oxalate. Potassium dithio-oxalate was later employed by 

Fairhall (2, pp.528-533) to determino nickel colonimetni- 

cally in biological materials. 

Yoe and Wirslng (18, pp.1866-1876) have made a 

critical study of the potassium nickelo-dithio-oxalate color 

system with reference to its use in the colonimetnic deter- 

mInation of nickel. The sensitivity of the reaction, appli- 
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cation of Eoer's 1av, effect of various ions, and different 

experimental conditions wore studiel. 

The purpose of the work described hereIn was to 

develop a spectrophotometric method for the deterrination 

of nickel in steel. The nickel was first separated from 

interfering ions by precipitation with dimethyiglyoxime, 

the filtered precipitate was dissolved in nitric acid, the 

resulting dimethyiglyoxime destroyed with nitric acid, id 

the nickel determined by the measurement of the light trans- 

nitted by the potassium nickelo-dithio-oxalato color system 

at a wave length of 500 m. Results were caloulated using 

the specific extinction coefficient of the Leer-Lambert law. 



TiEORETICAL CONSIDERATIO NS 

A relationship ot much importaioo In chemical color- 

Irnetry is the Beer-Lanbert law, which is expressed i its 

most convenient form s 

log.10(10/I) kel 

whore I represents the intensity of light of a given wave 

length transmitted by a color system; I is the intensIty 
of tte liit entering the system; k Is the specific ox- 

tinction coefficient, whIch refers to the absorption duo to 

a single molecule; i is the length in centimeters of tue 

absorbing medium through which the lifht passes; and c is 
the concentration of colored solute in grams per lIter. 

The logarithm of the ratio Is termed extinction. This 

same ratIo is also known as absorbancy and as optical den- 

sity to many. 

To measure the absorption of light it Is necessary 

to allow for losses by reflection and scattering at the 

boundaries of the cell containIng the medium id also for 

the small losses caused by scattering within the liquid it- 

self. Such a correction is made by comparing the Intensity 

of the ray that has passed through the colored solution with 

the Intensity of the ray wIch hìs passed through the color- 

less solution of similar refractive Index contained In an 
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Identical cell. The actual values of the intensIties are 

not required in absorption spectroecopy; only the ratio is 
signifIcant. The ratio I/Ia x 100 is termed the per cent 

transrnittancy L'f the sample. 

There are two general methods used in determining 

the concentration of s.higle colored contituent from 

transmittanoy data. 

orking with a serles of solutions of known concen 

trations, one may construct a reference curve coordinating 

concentration and transmittancy at a given wave length. It 

is possible to convert the tranamittancy of an unknown solu- 

tion to concentration by use of this curve. This procedure 

may be used in all cases, but is generally used for those 

systems which fail to conform to the Beer-Larnbert law. 

This procedure has been applied to the determination of 

nickel in stool by ammonia (6, pp.4-I), manganese In steel 
by permanganato (7, pp.27-29), and Iron in ores by kojic 

acid (l3,pp.642-643). 

The technique used for color systems conforming to 

the Beer-Lambert law is much less oumbersome. It is pos- 

sible, for any gIven constituent to use the equatIon of 

Beer and Lambert for converting transmission data Into con- 

centration, having first obtained a value for the specific 

extinction coefficient by the use of solutions of known con- 

centrations. The above procedure has been used in 
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determining iron by thioglycolic acid (11, pp.8-14), sali- 

cylic acid (8, pp.162-163), and 2,2'-bipyridyl (12, pp.52- 

55), and copper by airnonia (9, pp.387-389) and by tri- 

ethanolsinîno (10, pp.52-55). 

Mellon (14, pp.97-98) surimarizes the cnemical causes 

for deviation from the Beer-Laibert law as follows: 

1. Change in refractive index with concentration. 

2, Displacement of equilibria involving the absorb- 

Ing entities, such as ions. 

3. Reciprocal interact:toi of the absorbing entities, 

either (a) anang themselves, or (b) with the 

solvent or foreIgn substances. 

A sytcn th!lt obeys tho i3eer-Lambert law with one 

instrument may f aU to do so with iother instrument due to 

instrument discrepancies. For this reason, it is necessary 

to deternine the specific extinction coefficIent for a given 

system on the instrument to be used rather than to rely upon 

a published value for this constant. 

The problem of prLnary interest in quantitative 

analysis is to determIne concentration wIth a minimum per- 

centage orror. The percentage error il1 vary, depending 

upon the transmittanoy of the solution. The optimum trans- 

mittancv range Is cormnonly given as from 20 to 60 per cent 

transriittancy for photoelectric spectrophotometers (l,p.652) 



and (3, pp.l24-l25). The trrnsmittancy may be brought into 

this optimurn rsnge by: 

1. Adust.ient of concentrat ion, 

2. Use of absorption colis of different thickness. 

3. !djustment of te specific absorption coeffi- 

oient by operating at u dif feront wave length. 

4. 'easurement against a solution of known concen- 

t r at i on. 
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EXPER IMENTAL 

APPARATUS AND SOLUTIONS 

Beckman Iode1 B Spectrophotometer. All transmission meas- 

urements were made with a Beckman Model B spectroptotometer. 

The sanie corex cells were used throughout; one was used 

only for tire "blank" solution, the ot-ier only for the 

colored solution. Tn all transmission measuroments, the 

intensity of the Incident beam of light was regulated by 

means of the slit width so that the galvanometer pointer 

read 100 when the "blank" solution was n position. The 

cell containing the colored solutIon was then put Into the 

liìt beam, and the resulting galvanometer reading repre- 

sented por cent tranamittancy directly. 

Iydrochloric Acid. The concentrated hydrociloric acid was 

the commercial 12M solution. The dilute 6M acid was pre- 

pared from the concentrated acid by suitable dilution. 

Nitric Acid. A commercial 16M solution. 

Ammonium 1ydroxide. The concentrated solution was a conner- 

cial l5 solution. The 1 ammonium hydroxide solution was 

prepared by suitable dilutIon of the 1 solution. 

Ammonium Chloride. A ]E aqueous solution containing 54 

grams per liter. 

Tartane tcid. An aqueous solution containIng 333 grains 

per liter. 
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Dirneth1g1yoxirne. A filtered solution of 10 grams in i 

liter of 95 per cent ethanol. 

Potassium Dlthio-oxalate, A 0.1 per cent aqueous solution 

containing 20 milligrams in 20 ml. Only enough of this re- 

Rgent was prepared to last for an hour since a yellow tur- 

bidity developed 1f the solution stood much longer. The 

solid reagent was stable for only n fe months after which 

time it darkened and produced a turbidity immediately upon 

beng dissolved in wOEter. 

Standard Nickel Solution. A standard stock solution of 

cobalt-free nickelous nitrate hexahydrìte was made by dis- 

solving 49.6388 grams of salt itn water, adding about 2 

milliliters of dilute hydrochloric acid to prevent hydroly- 

sis, and diluting to 2 ]Jters. This solution was standard- 

ized by weighing the nickel diniethyiglyoxime precipitato 

obtaned from a known volume. Each railliliter contathed 
5.039 milligrams of nickel. By means of micro-burette, an 

aliquot of 9.92 ml. of this solution was transferred to a 

liter volumetric flask and diluted to volume with distilled 
water. iach milliUter of thIs solution contaIned 0.05 mg. 

of nickel. ThIs was convenIent concentration for the 

standard solution since 1 ml. diluted to a fInal volume of 

50 mi. gave a concentration of 1 mg. of nickel per liter 

(i p.p.m.). 



ThE CQLOI REACTION 

Yoo and Wirsiri (18, p.1875) gave the complex formed 

between nickel and potassium dlthio-oxalate the following 

structural forraula: 

OC-S-K 
I I 

OC-S-N1-S-CO 

Tac color of the potassium nickelo-dithio-oxalate is 

magenta. 

To produce the color system, the volume of the stand- 

ard nickel solution necessary to give the desired concentra- 

tion of nickel was measured into a 50-ml. volumetric flask 

from a micro-burette. About 3 ml. of 0.1 per cent potassium 

dithio-oxalato solution was added followed by approximately 

0.04 ml. of dilute hydrochloric acid. The solution was 

then dIluted to volume and thoroughly mIxed. 

The study of the color system consisted of doteririin- 

Ing (a) the wave length of maximum absorption, (b) factors 
influencing the color reaction, and (e) the specific ex- 

tinction coefficient of the system at the wave length of 

maximum absorption. 

wave Length of Maximum ÄbsoptIon. The wave length of maxi- 

mum absorption for the color system was found by using seven 

solutions with concentrations of 1, 2, 3, 4, 5, 6, and 7 

p.p.m. of nickel. Transmission curves were produced for 
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each solution over a range of wave 1onths varytn froi 400 

to 700 iV1 at Intervals of 10 mu, T:ie colored solution was 

produced in the suno tannor as dosc]'ibed above. A "biank' 

solution was prepared by addIng to a 50-ml. volurietric 

flask approximately 3 ml. of potassium dithio-oxalate so1u 

tion followed by about 0.04 r.1. of d1ute hydrochloric acid 

and diluting up to the mark and thorouL;hly mixing. The 

spectral tranamission curvos ax'e shown in Fie. I. Hnce 

the maxiruri absorption wa found to occur at 500 i, 11 

further transmIssion measureiients were made at this wave 

length, The point of raximtn absorption wis e1octed as 

the Doint to take further ;ieasurerionts because the percent- 

age transmission is 'íiost reproducible when r;ieasured at a 

low point on the transiiss1on curve where the slope is not 

rapidly changing witi.i wave ienth. 
Factors Influencing the Color ystî. The ofect of vary- 

anounts of acIdity on the tntensty of absorption by 

tho colored complex was studied usinL; solutions containinC 

the same concentratIon of potassium dithlo-oxalate and 

nickel, and varying the hydrogen1on concentratIons wtth 

hydrochloric acid. Readings were taken over a range of 

solutions from neutral to 311. Over this entire range there 

was found to be no immediate variance in transmittanoy. It 
was found, however, that the color of the systo: faded in a 

shorter time and turbidity developed in the colored 
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so1utons fistor as the acidity was increased. The above 

phenomenon wìs especially noticeable in solutions from 

O,2M to 11 in hydrochlorIc acid. 

The effect that excess aqueous potassium dithio- 

oxalato had on the color system was also studied. The 

nickel concentration and acidity were held constant while 

the amount of aqueous potassium dithio-oxalate was varied 

up to 4 ml. in excess. It was found that over the range 

covered an excess of this reagent did not alter transnls- 

sIen readings. As the amount of excess aqueous potassium 

dlthio-oxalate Increased, the time necessary for the 

development of turbidity ifl the color system decreased. 

Studies wore also made to determIne the stability of 

the color systorri with respoct to time using 0.04 ml. of 

dIlute hydrochloric acid and 3 ml. of potassium dithio- 

oxalato solution with the rIht concentration of nIckel to 

piaduce tiìe color. The crIterion set was the ability to 

duplicate tranamittancy measurements after suitable tizne 

intervals. The color systeì was found to be stable for two 

hours. Instability of solutions containing from i to 3 

p.p.m. of nIckel was duo to the development of turbidity in 

the color system, while instabIlity of solutions containing 

from 4 to 7 p.p.m. of nickel resulted from a fading of the 
color. 
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Specific Uxtmncton CoefficIents. To deterriine tf the po- 

tasum n1cke10-c1ithio-oxa1at color systori oboyed the 

Boer-Larnbcrt mw or not, the oxtnctions of otght standard 

nickel soiution (representing nickel concentrations from 

i to B p.p.m°) viere determined at a wave length of 500 m. 

A straight line, shown in Pig. 2, was obtained when the 

concentrations for the o1utions representing: nickel concen- 

trations ranging from i to 7 p.p.m. were plotted aanst 

their resrectve extinctions. This indicated that the color 

s7stem conformed to the eer-Lambert law up to a nickel con- 

centration of 7 p.p.m. The specIfic extinction coefficient 
for the syste; could thon be c1culatod. 

The constant can be obtained in the fol1oing manner: 

Solving the Beer-Lambert law for k gives 

k lo(I/I) 
cl 

Since I 1.00, o 15 a known concentration, d 

I/Io, Which is obtaIned from the galvanometer reading of 

the spectrophotometer, can be converted into the ratio 

Is/I; k can readily be calculated, The average viue ob- 

tained for k was e6,56, Seo Table I. 



-- 14 



15 

TABLE I. 

Values of Spoelfie Uxtinction 
Coefficient8 Obtained 

Qoncn. of \:jc1.e1 Specific Extinction 
Coefficient 

1 65.00 

2 66.86 

3 66.89 

4 66.70 

5 67.26 

6 66.31 

7 66.93 

Average 56.56 



DETEflMINATION OF NICKEL IN STEEL 

The sample of steel was weighed and treated accord- 

1L to the method of Lundoll, 3offrnan, and iiright (5, p.281) 

for the precipitation and separation of n1ke1 dimethyigly- 

ox1rne. Three grams ot' steel wore taken if the nickel con- 

tent was less than i por cent, i gram if i per cent to 3 

per cent nickel was prescrit, 0.5 gram if nickel was between 

3 per cent and 6 per cent, and 0.25 gram if the sa:;p1e had 

more than per cent nickel. The saip1e was then dissolved 

in hydrochloric acid and heated until decoriposition was 

cornplete. Ten milliliters of 1:1 nitric acid were added 

tmd the solution boiled until tìe iron and carbides were 

oxidized. The solution ias boiled ten minutes lonper to 

expel nitrogen oxides. The mixture was dIluted up to 200 

ml, witi water if 1 gram or lees of sample was used (or to 

160 ml. if 3 grame of sample were used). Twenty milliliters 
of tartrc acid solution were added for each gram of sample 

used, the solution was neutralized with 15M animonium hydrox- 

ido until the base was slightly in excess, and all insol- 
uble matter was f1terod off, washing the residue with hot 

water contanin a little ammonium hydroxide and ammonium 

chloride. The filtrate was slightly acidified wIth concen- 

trated hydrochloric acid, heated to a temperature of from 

60° to 80° C., and 20 ml. of 1 por cent dimothyiglyoxime 
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solution were added. ?ter tie aolution liad been made 

slightly alkaline with dilute amxionlum hydroxide, the pre- 

cipitato was filtered through a Gooch cruciblo. If the por 

cent of nickel wa less than one, the aoluton was allowed 

to stand an hour before filtering. Thi8 precipitato was 

then dissolved by pourIng concentrated nItric acid through 

the Gooch crucible, usinb suction and catching the solution 
in an 8-inch teat tube placed thside the filter flask. The 

asbestos mat was thoroughly washed with hot water. The con- 

tents of the test tube wore transferred to a casserole and 

evaporated to a volwne of a few drops. Tvio i1li1Ltors of 

concentrated nitric acid were added and the solutIon again 

evaporated alnaost to dryness to insure destruction of the 

dimethyiglyoxime. A1ost all 01' te nitric acId was ro- 

moved by the addition of a few milliliters of distilled 
water and evaporating the solution to a few drops; this 

latter step was repeated to insure the complete removal of 
the nItric acid. A few milliliters 01' water were added and 

the solution was transferred to a 100-ml, volumetric flask 

and diluted up to the mark with distilled water. 

y iseans of a iIcro-burette, an aliquot of from i to 

10 ml. of the auove solution, depending upon the nickel 
concentration, was transferred to a 5G-ml. volumetric flask. 

Such an alIquot of the solution was taken that the percent- 

aLe transmittancy of the color systot later developed would 
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]ie boteen 34 and 55 por cent. Pbout three ü11t1:Lter8 of 

pota5s1rn dithio-oxalato solution and about 0.04 ml. of G1 

hydroch1oric acid were added, md the o1uton diluted up 

to the rnrk with dìtil1ec1 water and shaken thoroughly. A 

"blank" wa prepared containing the same concentrations o 

ali rea;ents except the nicke?. Transmittancy !1easurementS 

of tlìiS solition in a l-cm, cell were rado at 500 mji, 

The CollowinO example illustrates the method of ca1 

culation. 

Experimental Data: 

reht of satiple---3.0050 grams; 10 ml. alquot taken; per- 

centage transÎssion for the colored solution---47.8 por 

cent at 500 mji; cell length---l.00 cm.; k---66,56. 

The percentage transmia3ioa can be converted into 

oxt.nction as follows: 

ives: 

I/Is * 

= 

log(10/i) * log(l/0,478) * 0,3206 

The I3eer-Lambert equation solved for concentration 

O log(Ip/I) 0.3206 0.004016 crams of 
k x 1 66,56 x 100 Ni/liter. 
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Therefore, since n 50 il. of the above solution there Is 

0.0002408 graîs, heh represents 10 ml. of the original 

loo il. of solution, 

% Ni 0.000NO8 x 10 x loo 0.080Ç 
3.0050 



1SULTS 

The method as tested by ap1yin it to t.e deter- 

riination of nickel n twelve steel saiples. Table II shows 

the results tiìat were obta.ned 1onh:, With the values ob- 

tamed by using tie dimethyiglyoxirne gravirnetric method of 

Lundell, Hoffman, srid Br1ht (5, p.231). The percentage 

error of the poctroptotometric method vriecl from +1.35 to 

-3.33 per cent 'alth an averac:e of -1.24 per cent. Since 

tìe spectrophotorieter used gives percentage transmittancy 

readings reproducible to 0.3 scale unit, corr)spondtng to 

about 0.003 per cent nickel in a snplo containing 0.23l 

por cent nickel, the avero of several readtngs was taken 

for the tranamittancy. Although the precision was not con- 

sistently high, the average of the 'esults of two determi- 

nat.ons for a given sariple checked closely with the gravi- 

metric results. 



21 

TABLE II. 

Results Obtained by the Spectrophotornetric íîet»od 

Nickel by Nickel by 
Sample Gravirnetrlc Siectropbotometric Percentage 

fo. Method Method 1)oviation Error 

cl (j 

1 0.227 0.228 +0.001 +0.44 

2 0.080 0,073 -0.002 -2.50 

3 0.540 0.522 -0.018 -33 
4 0.282 0.233 +0.001 +0.35 

5 0.154 0.151 -0.003 -1.95 

6 3.49 3.47 -0.02 -0.57 

7 9.04 8.93 -0.11 -1.22 

8 0.196 0.192 -0.004 -2.04 

9 0.074 0.075 +0.001 +1.35 

10 0.062 0.061 -0.001 -1.6]. 

11 1.70 1.68 -0.02 -1.13 

12 1.17 1.14 -0.03 -2.56 
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DISCUSSIO N 

The results obtained from analyzing twelve steel 

sa::ples show that tie spectrophotornetric method can be ap- 

piled successfully over a very large range of percontaes 

of nickel. They also show tiat the method compares vell in 

accuracy with the dimethyiglyoxime gravimetric method 'thich 

is the most common one for determining nickel in steel. 

The spectrophotometric method is faster than the gravimetric 

metìod, but it has the disadvantage of requiring the con- 

stant attention of the analyst during the latter part of 

tao first evaporation of the nIckel solution after nitric 

acid is been added to destroy the dimot-iyllyoxime. Also 

close attention is needed in the subsequent evaporations. 

Results of the analysis also compare favorably With the 

spectrophotometric method of determining nickel in steel by 

ammonia (6, pp.4-7) and the spectrophotometrlc metiod of 

detcrmiring nickel in steel with dimethyiglyoxime (15, pp.2- 

3). 

The spectrophotometric method for nickel in steel as 

potassium nickelo-dlthio-oxalate has an advantage over the 

visual colorimetric method in that it eliminates matching 

color shades by eye, and does not require a series of color 

standards which are time-consuming in preparation. In the 
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commonly used colorimetrio methods for nickel (16, pp,3l3- 

320), the percentage error varios from i to 5 por cent. 

Accord1n to Snell and Snell (16, p.31?) quite a nurn- 

ber of Ions interfere wIth the potassium niekolo-dithio- 

oxalato color system. Mananese affects the color of the 

systeri when present in excess of 15 mg. n 50 ml. Iron 

gives a deep purple with potassium d±thlo-oxalate. Other 

ions which give color are antiony, bismuth, cadmium, co- 

bait, copper, mercury, silver, tin, pallacflum, platinum, 

zinc, gold, thallium, titanium and vanadiwn. The precipita- 

tion of nickel vdth dimothyiglyoxime in the presence of 

tartaric acid separates nickel from all the above Interfer- 

ing ions cormonly occurring in stoel except when excess 

copper Is present and when iron and cobalt are both present 

in excess (17, pp.383-384). According to lillard £nd Diehi 

(17, p.384) nickel 5s soparatod best from copper by first 

reducing the copper to the unIvalent state by n sulfito, 
and the precipitation of nickel then made by the addition of 

tartrato, dimothylglyoximo, and acetate. They also state 

that interference from iron and cobalt may be avoided by re- 

ducing the iron with sulfur dioxide prior to the precipita- 

tion of the nickel (17, p.384). 

The spectrophotometric method possesses the following 

advantages in eneral: (a) the systen conforms to heer's 
law, (b) the pH value is not critical, (o) the color is 
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stable for at least 2 hours, and (d) the color is indepen- 

dent of excess reagent. 

I)isadvantages of the method result from the relative 
instability of both the solid and aqueous potassium dithio- 
oxalato. The fact that the above reagent is very unconuion 

to the ordinary laboratory may be listed as a disadvantage 

also. The reagent is obtainable commercially. 
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S1JMARY 

A spoctrophotometrlc 'riethod has been developed for 

the dotern1nation of nickel in steel, dopendiri upon meas- 

urng the liCht transmlttancy of the potassium nickelo- 

ditMo-oxalate color system t a wave length of 500 rni. 

The nickel is first separated from Ions interfering with 

the color system b precipitating as nickel diriethyigly- 

oxirne followed by solution of the precip1t.te arid destruc- 

tion of the resulting dimethyiglyoxime by nitric ncid. The 

concentration of nickel is related quantit&tive1y to the 

transmittanoy of the above color system, and may be calcu- 

lated by use of the specific extinction coefficient for 

tern, 

Results obtained by this method agree closely vith 

those obtained by the dirnethyiglyoxirne gravimetric method. 

The method also compares favorably with other recent spec- 

trophotometric methods for nIckel in steel. 
Diverse ions commonly occurrin In steel wtich inter- 

fore with the color system are rerioved in the course of the 

procedure. 
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