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ONE of the chief difficulties in iodine investigations in the past has 
been the lack of a method of analysis, sufficiently delicate, to deter
mine accurately t he very small amounts of iodine present in s·ome 
biological substances. The literature relating to the methods pro
posed in th e past has been reviewed so comprehensively by Scharrer 
(1928) that the older methods will not be cli:;cussed here. The modem 
methods can be arranged into three groups depending on the primary 
treatment of the material to be analysed. The material is decom
posed so that iodine can be extracted in the form of a water-soluble 
compound . The methods can be classified as follo\TS:-

(a) D ry O<cidation in a Closed System.-According to ?\IcClendon 
(1927), Schwaibold and Harder (1931), etc., t he material is heated 
in a closed system in a current of oxygen, and the combustion products 
passed t hrough an electrical precipitator or over a heated catalyst 
and finally through an alkaline solution ,,.hich absorbs the iodine. 

(b) Nickel D ish jJf ethod.-'l'he method adopted by Van Fellen
berg (1926) and modified by Scheffer (1930) and others, lays clown 
that the material shall be mixed with an alkali in an open-usually 
nickel-dish and heated carefully until all .the carbon aceous matter 
has been charred or totallv oxidized . The iodine in the form of an 
alkali iodide is then ext racted with ± 95 per cen t. al<"ohol, or with 
water and alcohol. 

(c) Wet or Acid 0.7.:-idatlon 111 ethod.-Pfe iffer (1930) proposed 
t he use of this method. The material is treated with perhydrol and 
concentrated sulphuric acid iJ;J. a closed system and the iodine liberated 
is absorbed in an alkaline solution . 

The nume1·ous methods cited in the literature bear testimonv to 
the fact that some essential detail is lacking in the procedure, vand 
lately, workers h aYe concentrated. on perfecting the existing methods 
rather than propo:;ing new ones, RO that iorline can now be cl etermined 
" ·ith a fair clegTee of accurac:v b:v the experienced worker. 

Although the greatest care should be taken in th e determination 
of iodine wh en it has been converted into a soluble form free from 
organic matter, all possible precautions should be arlopted in the 
primary treatment of the material to avoid loss of iodine; and, until 
such time as the carbonization in open crucibles has been perfected., 
the dry oxidation in a closed system should yield the best results, 
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although, unfortunately, it is very lengthy and therefore hardly 
suitable for routine analyses. A criticism against the use of the 
acid oxidation method in the analysis of plant material is the possible 
error which may be introduced by impurities, which, in the form 
of iodine, may be present in the large amount of reagents used. 
Consequently, it was decided to test the accuracy of t h e nickel dish 
method, the most rapid and hence the most adaptable for routine 
analysis, by comparing its efficiency with that of the dry oxidation 
method as a standard. The procedure adopted in the technique is 
as follows :-

CLOSED SYSTEM METHOD. 

About 20 to 30 grams of clry material (grass, vegetables, etc. ), 
are packed into a clear silica tube 28 inches long and one inch internal 
diameter. 'I' h e tube is fitted wit h a rubber stopper at each end. The 
primary oxygen is led in at the one end and the secondary supply 
at the other end through a silica tube which passes through the 
catalyst consisting of silky fibrou s asbestos . The material for analysis 
is kept in position by a plug made from vVhatman No. 40 filter paper. 
The ashing is carried out as follows : The primary oxygen is turned 
on until the air in the tube and wash bottles is displaced. The 
catalyst is then heated by m eans of gas burners and when the tem
perature reaches ± 700° C. the secondary oxygen is ah;o turned on. 
The organic material furthest away fr.om the catalyst is heated 
slowly until combustion star ts. No more external heat is ap]Jlied 
to the combustible material for some time and a combustion zone 
travels slowly along the l ength of the tube. Some carbon is deposited 
on the inside of the tube aml this is finally burnt away by applying 
external heat. 

The combustion woducts travel along the tube until they come 
into contact ancl mix with the secondary oxygen, and then pass 
through the heated catalyst where complete combustion takes place. 
In this w.ay t he tarry vapours are a ll destroyed and the oxidation 
products, which are now colourless, p lus the excess secondary oxygen 
pass through wash bottles containing solutions of potassium car
bonate . By including tw·o of these a bsorptjon tlasks in the (:ircuit 
all the io(line contained in the co1nbustion products is absorbed. 

\Vhen all the ca1·bonaceom; matter is oxidized, the residue is 
cooled in a current of oxygen. The tube is then \vashed with dis
tilled water and the combined washings, to which is added 0·5 c.e. 
saturated potassium carbonate, heated on the steam bath for some 
time and filtere(l. The contents of the "~'>·ash bottles are poured into 
a platinum dish, the bottles washed with rlistillerl water and these 
washings, togethe1· " ·ith the wash ·water from the silica tube, are 
added to th e contents of the platinum dish. 'l'he solution is 
evaporate<l to dryness, the contents of the dish glowe<l ove1: an open 
flame to remove the last traces of organic material, dissolved in a 
minimum quantity of water, and filtererl. The dish is washed ·with 
small quantities of >vater which, after being fiHe1·ed , are adrlerl to 
the main filtrate . The alkaline fi ltrate is neutralized with hy<lro
chloric acid and a drop o£ excess acid added. After t h e addition of 
a few grains of pumice stone and about 1 c.c. freshly-prepared 
chlorine water the excess chlorine is boiled off. This is accomplished 
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after 10 minutes' brisk boiling. \Vhen the solution is cold a very 
small crystal of potassium iodide (about 0.001 gm.), and about 
10 drops of a · 25 per cent. starch solution are added and the iodine 
liberated is titrated against thiosulphate using a micro-pipette . 

Chlorine water is prepared a few minutes before it is required 
by <hopping concentrated hydrochloric acid on to potassium per
manganate and passing the chlorine through distilled water contained 
in a conical flask fitted "·ith an outlet tube. 'When the chlorine 
water is requi1·ed, this tube is pushed do\\·n so that it reaches into 
the water. The positiYe pressure in the apparatus forces the chlorine 
water out drop by drop. 

Blank determinations we1·e carried out on the reagents employed. 
The same procedure as in the actual determination was adopted and 
also the same quantity of distilled \Tater and reagents used . Iodine 
was not detected in any of these blanks. This showed definitely that 
after 10 minutes boiling- all the chlorine had been driven oft. 

The asbestos userl as catalyst is purified by heating it with con
centrated sulphuric acid for twelve hours and washing it thoroughly, 
first with tap w.ate1· and finally \Yith distilled water. The asbestos 
is then tlried and heated at + G00° C . to remoYe the last haceii of the 
acid. -

The closed system method is taken as a stanclard, i.e. one which 
gives as nearly absolute r esults as pos;;ible. Loss of iodine due to 
escape during the combustion process is eliminated, and after oxida
tion all the iorline is present either in the silic::1 tube or else in the 
absorption flasks. In either case the final sol_ution, i.e. washings from 
silica tube plus absorption liquid, contains. all the iodine. The 
method gives excellent results on duplicate cleierminntions and on 
recovering added iorline compoull(ls as rlescrihed in 'l'.ables I anrl II. 

It was therefore decided to test out a simple1· method suitable 
for routine analysis and to standardize it against the silica tube 
method. The manipulation of the alJ]Jaratus employed in the .acid 
oxidation (Pfeifl'e1·, ] 930) is too complicated and besides being- unsuit
able for bulky plant material;; low in iodine, it offers IW ach-antage 
over the dry oxirlation in a dosed system. The only alternative is 
the partial ashing- of organi!' material in the presence of an alkali 
in open crucibles or dishes. 

XJCI\:EL Drsn )IETnon. 

The methorl adoptell is based on tlwt deseriherl by ~chefl'er (l 9~l0) 
with slight morlifications . A sample of finel.v ground dry plant 
m.aterial-::1bout 20 to GO gm ., depending on the anticipated iodine 
content of the substance analysed-is weighed into a nickel dish and 
completely coverecl with water. To this 5 to] :) c.c. of a saturated 
potassium carbonate solution are added, and the contents stirred with 
a glass rod so that the .alkali is mixed intimately \Yith the inclivirlual 
particles of the organic material. The exres~ "·ater is evaporated on 
the steam bath anr1 the nickel dish placed in a large elef'tric furn::1se 
the temperature of which can be regulated by means of a suitable 
resistance in the circuit. The current is switched on and the tem
perature raised to ± 150° C. The resistance is then increased so that 
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the furnace is heated Yery gradually. On account of 
of starchy materials the procedure adopted in the case 
fibrous materials is slightly different to that for 
materials. 

Gl~ASS .~ND FIHRO"C"S .JIATERIALS . 

the swelling 
of grass and 
intumescent 

At approximately 250° to 270° C. the contents of the dish begin 
to glow and an ignition zone travels through the entire mass. 'l'he 
current is switched off as soon as :;pont.aneous combustion takes place, 
and it is found that under these conditions the temperature of the 
furnace can be regulated not to exceed 290° C., although that of the 
glowing mass in the nickel dish may be slightly higher . This is 
important because the efficienc·y of the method depends largely on 
the temperature employecl and at no stage during the carbonization 
should this exceed 300° C. 

INTUMESCENT NL~TElUALS. 

These substances S\\'ell to an enormous extent when heated ahovP 
200° C. To overcome this the dish is l'Ooled from time to time and 
the contents broken up " ·ith a nickel spatula. This J n·oees~ iH ('On
tinned till intume:;cence ceases. The di:;h is then heate<l furthe1· to 
290° C. and kept at this temperature until the material i~ totall:v 
charred. 

\Vhen all the organic matter-fibrous all(l starchy-is carbonized, 
the dish is allowed to cool, the contents finely powdered and trans
ferred to a conical flask. The dish is wash ed "·ith small quantitieR 
of water an<l the washings addecl to the contents ·of the flask. The 
flask is heated on the steam bath, 50 c.c. absolute alcohol adclecl, 
the flask shaken " ·ith a gFator:v motion and the alcohol extract 
filtered. The resicl ue is extraded ,,.i th three successive portions of 
alcohol and finally it is transferred to the filter and washed with 
alcohol. · 

The a lcohol extraet pht,; 2 l' .c·. saturated pota;;simu carbonate 
solution is slowly evaporated to dryness in a platinum dish without 
allowing the <'Ontent~ to boil. The dish is gently glmYed over an 
open flame and the 1·esidue moi;;tenecl "'ith water aml extruded with 
successive portions of alcohol until the alkali separates out. 'fhe 
residue is again moistene<l with " ·ater, extracted with alcohol a;; 
before and the filterecl alcohol extract added to the main extract . 

It is of the utmost importance in the extraction of potassium 
iodide to dissolve all the soluble material in a minimum <lu~mtity of 
water so that a fairly saturated solution is obtained, and th en only 
to add the al<'ohol. In this way the alcohol is brought into direct 
contact with the iO(lide whi<'h cam.tOt happen when a mixture of 
water and alcohol is used for extraction . In the latte1· case the iodine 
may be so occluded by the rest of the material present that extraction 
can only be <'Omplete when the material is ground to an impalpable 
powder. Scheffer (1930) illustrated this fact very clearly. Also 
Hercus and Aitken (1933) in studying the partition of potassium 
iodide at low concentrations between alcohol and potassium carbonate 
solution founcl that if the potassium l'arhonate '"as saturated or nearly 
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so and excess absolute alcohol added to dehydrate the paste, the 
partition coefficient was of such an order that under the conditions 
described in this 11aper for the extraction all the iodide should be 
present in the alcohol extract. 

The filtered alcohol extract plus 0 · 5 c.c. potassium carbonate 
solution is transferred to a platinum dish, slowly evaporated to dry
ness and gently glowed. The residue is dissolved in a few c.c. water, 
t he solu tion filtered, the dish washed three times with a few c.c. 
water, and the washings added to the main filtrate. The combined 
filtrate is neutralized with hydrochloric aciQ and a drop excess acid 
added. The rest of the procedure is similar to that described for the 
closed system met hod. 
STANDARDIZIKG AND CoMPARING THE EFFIClE~CY OF TRE METHODS. 

The efficiency of the silica tube method "·as determined by adding 
1 c .c. potassium iodate solution of known strength to filter paper 
(free from iodine) and .also to grass and analysing the materials 
according to the closed system method. Ip some cases the iodine 
present in the two absorption flasks and in the washings of the silica 
tube was determined separately, while in others the various iodine 
containing fractions were all combined. 

'fABLE I. 
The Efficiency of the Closed System J11 etlwd. 

Substance Analysed. 

Two filter papers .............. . 
Two filter papers . ... ..... ..... . 

_ 1 80 
80 
80 

80 
80 
80 I 

73·8 1·0 I 4·5 
74·2 0·9 3·6 

79·3 
78 ·7 
79·9 

r 99 
98 

Two filter papers .. . ... ....... . . 75·6 0·7 3·6 \.__ --v--1---' 100 

Mature Grass (18) ............. . 
Green Grass (28) .............. . 
Mature Grass (14) ..... . .... ... . 
Mature Grass (14) ............. . 

9·3 
ll·O 
12·8 
12·6 

*9· 7 80 
*7. 3 80 
*8·0 80 
*7. 9 80 

89·7 
87·3 
88·0 
78 · 9 

80 I 78·6 
79·3 
78·7 

I 

80 
78·6 
79·3 
78·7 

These results need some explanation because the total iodine 
recovered is just equal to or less than that added to the grass. At 
first sight it may thus appear that none of the iodine originally 
present in the grass is recovered. 'l'his, however, is certainly not 
true and the explanation is offered in 'fable III. Here the same 
amount of iodine is added to samples of grass and where the iodine 
present in the original sample exceeds 12 y the iodine recovered is 
always more than that added, even although the percentage recovery 
is less than that recorded in Table I. It is clear, therefore, that 
the iodine recovered is made up of that present in the material 
analysed as well as that aclded in the form of potassium iodate. 

89 
90 
90 
90 

* The values used here are calculated from the results obtained for the closed system method 
vide Table II. 

t The sign y is used to denote a microgram or the millionth part of a gram. 
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The following table of results compares the efficiency of tne 
nickel dish method with that of the dry combustion meth od: -

TABLE II. 

Dry Combustion Method. I Nickel D ish Method. 

I 

Total I Substance Analysed . 
Iodine in I odine in Iodine in Firs t Second 
Absorp- Absorp- '"~'ashings T otal Average. from I odine. I odine in Average. 

tion tion silica tube . 
Material. 

Flask . Flask. 
y% Y% y% Y% y% y% y% 

- - ----
:\1aturc Grass (18) . . ... . 94·8 2· 8 7 ·0 106. 6 ') 
Mature Grass ( 18) . ..... 84·1 4·1 15·7 103 ·9 J 104·6 102 102 
Mature Grass (18) ...... 88 · 8 4·9 11· 6 105 ·3 
Mature Grass (14) .. . ... .54·3 3· 8 4·7 62· 8 62·8 60 60 
Green Grass (28) ....... 43·3 3·9 17·6 65 · 81 
Green Grass (28) ... . ... 40·8 3 · 9 18 · 5 63·2 >- 65 ·6 62·3 62· 3 
Green Grass (28) ....... 34·1 4 ·0 29·6 67· 7) 

'------v------ -' 
Mature Grass (20) .. . ... 161 · I 161 152, 164 158 
Mature Grass (40B) ..... 111·5 111· 5 114·1 112 

110·7 
110·8 
112·4 

Potatoes (S. 990) .... . .. 79·0 79 ·0 83·0 82·4 
79·5 
82· 5 
84·6 

Potatoes (S. 991) .. . .... 92·2 i 92 · 2 110 · 8 112 I 

I 

113·2 
Wheat (S. 9891) .. .. .. . . 10 · 1 10·1 10·5 10·2 

10·0 
Wheat (S. 989 II) ...... 16 · 3 16·3 14·8 14·5 

I 
14·7 
14·0 

The r esults obtained by th e nickel dish m ethod agree fa irly well 
with those of the standard method and lie within the limits of 
experimental error. The efficienc·v of the nickel dish m ethod was al so 
determined in a more direct manr{er. One cubic centimeter potassium 
iodate solution of known strength was again added to t he organic 
material and the analysis carried out as already described . The 
re ults given in Table III shmY that the per centag-e recovery is not 
much lower than that obtained with the closed system , v·ide Table I. 
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TABLE III. 

Nickel Dish JJ ethod. 

\Veight: Iodine Iodine Total Iodine % 
Material. He- He-

gram. Present. Added. Iodine. covered. covery. 
y y ?' y 

Mature Grass (14) ..... . ....... 12· 1 7·6 80 87 ·6 73·7 84 
Mature Grass (14) ............. 10·8 6·8 80 86·8 74·4 86 
:W ature Grass (20) ....... . . . ... 1:3·8 21.8 80 101· 8 84·5 83 
Mature Grass (20) ...... . .. .... 15·0 23·7 80 103·7 83·6 81 
Mature G r·ass (40u) ..... ..... 14·2 15·9 80 95·tl 87·0 90 
Mature Grass (40u) .... - ....... 17·1 

I 

19·2 80 99·2 94·1 95 
Mature Grass (40u) .... .... . . . . ll· 3 12·7 80 92·7 82·8 89 
Mat·ure Grass (40B) ..... . . ... . . 10·3 11·5 

I 
80 91·!\ 80·3 88 

Emphal:lis haK been laid on (he fac-t that the maximum tem
peratme employed <luring- thE' rarbonizaiion stage in the nickel dish 
method should not exceed 000° C. \Vidmanu (1932) has shown that 
when a temperature rang-e of :300° to 350° C. is employed, the Yalues 
for blood average only 3G per cent. of those obtained with an absolute 
method, while in the case of a range 200° to 250° C. the averag-e 
figure is 88 per cent. This fig-ure agrees Yery well with the average 
percentage reooYery of Table III, " ·hich is 87 per cent. 

Tt was found that, if the temperature is allowed to exe;eed 
300° C. for any length of time, as much as 60 per cent. of the iodine 
I)l"esent is lost. This is borne out by t he results tabulaterl below:-

'fABLE IY. 

Mate-rial. 

Wheat J. ... . ...................... .. . .... . 
\\'heat IT ..... .. ........ . ... . .... ... . .. . .. . 
Mature Grass (20) .... . . ........ . .......... . 
Mature Grass (14) ....... . ... . . . ..... . . . . .. . 
Mature Grass (28) ...... . .... . .... . ...... .. . 

Silica 
Tu be 

Method. 

Y% 

10 · 1 
16 ·3 

161 ·0 
62·8 
6-5· 6 

Nic-kel D is h )[cthod. 

250° to 300°C. 
y% 

10·2 
14·;) 

l!\8·0 
60·0 
62-~ 

± 400° c. 
y% 

7. [), 8·2 
1:3.2 

87·3, !l7·-~ 
51 ·0 
48 ·1 

Tables II and III illustrate the efficiency of the 11ickel dish 
method as long as the sperified temperature range is arlopted and 
the aloohol extraction carried to compl etion. For this reason as well 
as the :mitability of the method fo1· routine work, this method was 
adopted througnout the present im·estigation and the same pro
cedure followed with slig-ht modifications to suit the 1·equirements of 
the different types of materials analysed . 
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SuMMARY. 

~hero-analytical methods for the determination of iodine in 
biological substances are discussed and the efficiency of the nickel 
dish method compared with that of the dry oxidation in a closed 
system. It is shown that under the conditions specified the error in 
duplicate analyses does not exceed 20 per cent., while over 80 per 
cent . of the total iodine present, i.e . iodine in the orginal material 
plus the amount added, can be recovered. 
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