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AOAC Of fi cial Method 951.01

Co balt in Plants

Nitrosocresol Method
First Ac tion 1951
Fi nal Ac tion 1965

A. Re agents

(Make all dis til la tions in Py rex stills with stan dard ta pered joints.
Store re agents in glass-stoppered Py rex bot tles.)

(a) Re dis tilled wa ter.—Dis til twice, or pass through col umn of
ion ex change resin (IR-100A, H-form, or equiv a lent) to re move
heavy met als.

(b) Hy dro flu oric acid.—48%. Pro cure ment in vi nyl plas tic
bot tles is ad van ta geous.

(c) Perchloric acid.—60%. No fur ther pu ri fi ca tion nec es sary.

(d) Hy dro chlo ric acid.—1 + 1. Add equal vol ume 12 M HCl to
dis tilled water and dis til.

(e) Am mo nium hy drox ide.—1 + 1. Dis til con cen trated NH4OH
into equal vol ume redistilled water.

(f) Am mo nium hy drox ide.—0.02 M. Add 7 mL NH4OH (1 + 1),
(e), to 2.5 L redistilled water.

(g) Car bon tet ra chlo ride.—Dis til over CaO, pass ing dis til late
through dry, acid-washed fil ter pa per. Used CCl4 may be re cov ered
as in 941.03A(a) (see 3.3.18).

(h) Dithizone.—Dis solve 0.5 g dithizone in 600–700 mL CCl4

(tech ni cal grade is sat is fac tory). Fil ter into 5 L sep a ra tor con tain ing
2.5–3.0 L 0.02 M NH4OH, shake well, and dis card CCl4 layer. Shake 
with 50 mL por tions redistilled CCl4 un til CCl4 phase as it sep a rates
is pure green. Add 1 L redistilled CCl4 and acid ify slightly with the
HCl (1 + 1). Shake the dithizone into CCl4 layer and dis card aque ous 
layer. Store in cool, dark place, pref er a bly in re frig er a tor.

(i) Am mo nium ci trate so lu tion.—40%. Dis solve 800 g cit ric acid
in 600 mL dis tilled water, and, while stir ring, slowly add 900 mL
NH4OH. Re ac tion is exo ther mic; take care to pre vent spat ter ing.
Ad just pH to 8.5, if nec es sary. Di lute to 2 L and ex tract with 25 mL
por tions dithizone so lu tion un til aque ous phase stays or ange and
CCl4 re mains pre dom i nantly green. Then ex tract so lu tion with CCl4

un til all or ange is re moved.

(j) Hy dro chlo ric acid.—0.1 M. Di lute 16.6 mL HCl (1 + 1) (6 N)
to 1 L with redistilled water.

(k) Hy dro chlo ric acid.—0.01 M. Di lute 100 mL of 0.1 M HCl to
1 L with redistilled water.

(l) So dium hy drox ide so lu tion.—1 M. Dis solve 40 g NaOH in 1 L
redistilled water.

(m) Bo rate buffer.—pH 7.8. Dis solve 20 g H3BO3 in 1 L
redistilled water. Add 50 mL 1 M NaOH and ad just pH, if nec es sary. 

(n) Bo rate buffer.—pH 9.1. To 1 L bo rate buffer, pH 7.8, add
120 mL 1 M NaOH and ad just pH, if nec es sary. Equal vol umes
bo rate buffer and 0.01 M HCl should give so lu tion of pH 7.9.

(o) Skellysolve B.—Es sen tially n-hex ane. Pu rify by add ing
20–30 g sil ica gel/L, let stand sev eral days, and dis til.

( p )  C u  p r i c  a c  e  t a t e  s o  l u  t i o n . — D i s  s o l v e  1 0  g

Cu(CH3COO)2×H2O in 1 L redistilled water.

(q) o-Nitrosocresol so lu tion.—Dis solve 8.4 g an hy drous CuCl2
and 8.4 g NH2OH×HCl in 900 mL H2O. Add 8 mL m-cresol (prac ti cal
grade) and stir vig or ously while slowly add ing 24 mL 30% H2O2. Stir
me chan i cally 2 h at room tem per a ture. (Stand ing for lon ger pe ri ods
re sults in ex ces sive de com po si tion.) Add 25 mL HCl and ex tract
o-nitrosocresol with four 150 mL por tions Skellysolve B, (o), in large

sep a ra tor. Then add ad di tional 25 mL HCl and again ex tract with four
150 mL por tions Skellysolve B. Wash com bined Skellysolve B
ex tracts twice with 50–100 mL por tions 0.1 M HCl and twice with
50–100 mL por tions redistilled water. Shake o-nitrosocresol so lu tion
with suc ces sive 50–100 mL por tions 1% Cu(CH3COO)2 so lu tion
un til aque ous phase is no lon ger deep blood-red. When light pur ple is
ev i dent, ex trac tion is com plete. Dis card Skellysolve B phase, acid ify
aque ous so lu tion of Cu salt with 25 mL HCl, and ex tract re agent with
two 500 mL por tions Skellysolve B; wash twice with 150–200 mL
por tions 0.1 M HCl and sev eral times with 150–200 mL por tions
redistilled water. Store o-nitrosocresol so lu tion in re frig er a tor at ca

4°C. Re agent is sta ble ³6 months.

(r) So dium o-nitrosocresol so lu tion.—Ex tract 100 mL
o-nitrosocresol by shak ing with two 50 mL por tions bo rate buffer,
pH 9.1, in sep a ra tor. (If this is car ried out as 2 ex trac tions, re sult ing
re agent is more con cen trated. It is im por tant that to tal vol ume
o-nitrosocresol so lu tion equal to tal vol ume buffer.)

(s) Co balt stan dard so lu tions.—(1) Stock so lu tion.—Dry

CoSO4×7H2O in oven at 250°–300°C to con stant weight (6–8 h).
Weigh ex actly 0.263 g of the dried CoSO4 and dis solve in 50 mL
redistilled water and 1 mL H2SO4. Di lute to 1 L. (2) Working

so lu tion.—0.5 mg/mL. Trans fer 5 mL stock so lu tion to 1 L
vol u met ric flask and di lute to vol ume with redistilled water.

(t) Hydroxylamine ac e tate buffer.—pH 5.1 ± 0.1. Dis solve 10 g

NH2OH×HCl and 9.5 g an hy drous CH3COONa in 500 mL redistilled
water.

B. Ap pa ra tus

(a) Plat i num dishes.—Ap prox i mately 70 mL; for ashing.

(b) Au to matic dis pens ing burets.—100 mL; type that can be
fit ted to or di nary 5 lb (2.27 kg) re agent bot tle and filled by means of
as pi ra tor bulb is most con ve nient.

(c) Wooden sep a ra tor rack.—Twelve-unit 125 mL sep a ra tor size
is con ve nient for dithizone ex trac tions. Rack is fit ted across top with 
re mov able bar pad ded with sponge rub ber so all 12 sep a ra tors can be 
shaken as unit.

(d) Racks.—Con sisting of 5 ́  5 ́  65 cm (2 ́  2 ́  25 in.) wooden
bars with holes drilled at close in ter vals to take 50 mL cen tri fuge
tubes fit ted with No. 13 stan dard taper glass stop pers. To make these
tubes, ream out necks of heavy-wall Py rex cen tri fuge tubes
(Rockefeller In sti tute type) with stan dard taper C rod and grind to
take stan dard taper stop per. Place tubes up right in one sec tion, and
place other sec tion (fit ted with sponge rub ber disks 13 mm thick in
bot tom of holes) across their tops. Fas ten 2 sec tions at ends with
re mov able rub ber con nec tors made from or di nary tub ing of
con ve nient size,  so that any num ber of tubes can be shaken as unit.
Use these tubes for re ac tion of Co with nitrosocresol, ex trac tion of
com plex into Skellysolve B, and wash ing of Skellysolve B so lu tion.

(e) Shaking ma chine.—Me chan i cal shaker giv ing lon gi tu di nal
stroke of 5 cm at ca 180 strokes/min; use to make dithizone
ex trac tions and to ex tract Co com plex, or shake by hand.

C. Cleaning of Glass ware

Clean 120 mL Py rex sep a ra tors for dithizone ex trac tions by
ini tially soak ing 30 min in hot HNO3 and rins ing sev eral times with
H2O. As added pre cau tion, shake with sev eral por tions dithizone in
CCl4. Af ter use, clean by rins ing with H2O, drain, and stop per to
avoid con tam i na tion. It is not nec es sary to clean ev ery time with
acid. Re peat HNO3 clean ing if blanks are un usu ally high.
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Clean 50 mL glass-stoppered Py rex cen tri fuge tubes by soak ing
30 min in HNO3 fol lowed by sev eral rins ings in H2O.

Com pletely sub merge pipets in cyl in der of chro mic acid clean ing
so lu tion over night, rinse sev eral times with H2O, and sus pend
up right in rack to dry.

Wash all other glass ware thor oughly in de ter gent and rinse well
with tap water fol lowed by dip in chro mic acid clean ing so lu tion.
Rinse off clean ing so lu tion with tap water fol lowed by sev eral
dis tilled water rinses.

Clean Pt by scrub bing with sea sand fol lowed by boil ing in HCl (1
+ 2) 30 min, and rinse sev eral times with H2O.

D. Prep a ra tion of Test Sam ple

See 922.02(a) (see 3.1.02). Oven-dry all plant ma te rial 48 h and
pre pare for ashing by ei ther of fol low ing meth ods:

(a) Grind ma te rial in Wiley mill equipped with stain less steel
sieve, mix thor oughly by roll ing, and sam ple by quar ter ing.

(b) Using stain less steel shears, cut ma te rial by hand fine enough
for con ve nient sam pling.

E. Ashing of Test Portions

Weigh 6 g dry plant tis sue into clean Pt dish. Cover with Py rex
watch glass and place in cool fur nace; heat slowly to 500°C and hold
at this tem per a ture over night. Re move dish and cool. Wet down ash
care fully with fine stream redistilled water. From dis pens ing buret,
slowly add 2–5 mL HClO4, dropwise at first to pre vent spat ter ing.
Add ca 5 mL HF, evap o rate on steam bath, trans fer to sand bath, and
keep at me dium heat un til fum ing ceases.

Cover with Py rex watch glass, re turn to par tially cooled fur nace,
heat grad u ally to 600°C, and keep at this tem per a ture 1 h. Re move
dish and cool. Add 5 mL HCl (1 + 1) and ca 10 mL redistilled water.
Re place cover glass and warm on steam bath to dis solve. (Usually
clear so lu tion es sen tially free of in sol u ble ma te rial is ob tained.)
Trans fer test so lu tion to 50 mL vol u met ric flask, wash ing dish
sev eral times with redistilled water, di lute to vol ume with H2O, and
mix thor oughly. (Pt dishes can or di narily be used sev eral times
be tween sand and acid cleanings.)

F. Dithizone Ex trac tion

Trans fer suit able aliquot (2–3 g dry ma te rial) to 120 mL sep a ra tor
(use pe tro leum jelly as stop cock lu bri cant). Add 5 mL am mo nium
ci trate so lu tion, A(i), and 1 drop phenolphthalein; ad just to pH 8.5
with NH4OH (1 + 1). If pre cip i tate forms, add ad di tional  am mo nium 
ci trate. Add 10 mL dithizone in CCl4 and shake 5 min. Drain CCl4

phase into 100 mL beaker. Re peat as many times as nec es sary, us ing
5 mL dithizone so lu tion and shak ing 5 min each time. Ex trac tion is
com plete when aque ous phase re mains or ange and CCl4 phase
re mains pre dom i nantly green. Then add 10 mL CCl4, shake 5 min,
and com bine with CCl4 ex tract. Fi nal 10 mL CCl4 should be pure
green. If not, ex trac tion was in com plete and must be re peated.

Add 2 mL HClO4 to com bined CCl4 ex tracts, cover beaker with
Py rex watch glass, and di gest on hot plate un til col or less. Re move
cover glass and evap o rate slowly to dry ness. (If residue is heated any
length of time at high tem per a ture when dry, losses of Co may oc cur.
Heat only enough to evap o rate com pletely to dry ness. If free acid
re mains, it in ter feres with next step where pH con trol is im por tant.)

Add 5 mL 0.01M HCl to res i due. Heat slightly to as sure so lu tion.
If Cu is to be de ter mined, trans fer with redistilled water to 25 mL
vol u met ric flask, and di lute to vol ume. Trans fer 20 mL aliquot to
50 mL glass-stoppered cen tri fuge tube or 60 mL sep a ra tor and
re serve re main der for Cu de ter mi na tion, 953.03B (see 3.3.06). If Cu
is not to be de ter mined, trans fer en tire acid so lu tion with redistilled
water to cen tri fuge tube or sep a ra tor.

G. De ter mi na tion

Add 5 mL bo rate buffer, pH 7.8, and 2 mL freshly pre pared so dium
o-nitrosocresol so lu tion to test so lu tion. Add ex actly 5 mL
Skellysolve B and shake 10 min. Re move aque ous phase by mod er ate
suc tion through finely-drawn glass tube. To Skellysolve B layer add
5 mL Cu(CH3COO)2 so lu tion and shake 1 min to re move ex cess
re agent. Again re move and dis card aque ous phase. Wash
Skellysolve B by shak ing 1 min with 5 mL redistilled water, re mov ing 
aque ous layer as be fore; fi nally shake Skellysolve B 1 min with 5 mL
NH2OH–NaCH3COO buffer to re duce Fe. Trans fer Skellysolve B
so lu tion of the Co com plex to 5 cm cell and read in spectrophotometer
as close as pos si ble to point of max i mum A, 360 nm.

H. Blanks and Stan dards

With each set of de ter mi na tions in clude ashing blank and Co

stan dards of 0.0, 0.5, and 1.0 mg. Beer’s law holds for this range. A of

0.0 mg point should be <0.05. If above, re puri fy o-nitrosocresol by
trans fer ring al ter nately to aque ous phase as Cu salt and to
Skellysolve B phase as free com pound af ter acid i fy ing aque ous
phase.

In clude reference sam ple with each set of test sam ples to de tect
con tam i na tion or un usual losses of Co in method. Com mer cial

buck wheat flour con tain ing 0.05 ppm (mg/g) Co has proved
sat is fac tory for this pur pose.

I. Cal cu la tions

Ex press re sults in terms of ppm Co, based upon dry weight of test
sam ple.

Co, ppm (mg/g) = (mg Co/mL dithizone aliquot)

 ´ (mL to tal so lu tion/g dry test portion)

Value for mg Co is ob tained from curve mi nus ashing blank.

Ref er ences: JAOAC 34, 710(1951); 36, 405(1953).

CAS-7440-48-4 (co balt)
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