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II This invention relates to crystalline ‘com 
pounds and more particularly to new crystalline 
compounds containing iron. I I _ 

This invention, in brief, is directed to novel and 
comparatively non-hygroscopic crystalline ferric 
ammonium citrates and to methods of making 
them comprising dissolving ferric hydroxide in 

14 Claims. (01. 260--439) 

a solution of ammonium citrate in a ratio of . 
approximately 1 mole of ferric hydroxide to 0.65 
mole of citric acid; adding the balance-of the 
citric'acid, and thereafter crystallizing from the ' 
solutionj crystalline green ferric ammonium cit; 
rate. The present invention also includes the 
above method with the additional step of satur 
ating the citric acid solution with gaseous am~ 
monia whereby brown ferric ammonium citrate 
crystals are formed. I ' ' 

Among’ the several objects of the present in 
vention are the provision of new compounds of 
citric acid with iron‘ and ammonia; the pro 
vision of compoundsof the type describedwhich 
are crystalline and which are substantially less 
hygroscopic than related compositions known 
heretofore; .the provision of compounds of the 
type described which are handled more easily . 
and which are more stable when stored than re-' 
lated compositions known heretofore; ., and the 
provision of a simple and convenient process ‘for 
making'same. Other features will be in part 
apparent and in part pointed out hereinafter. 
The invention accordingly comprises the in 

gredients ‘and combinations of ‘ingredients, the 
proportions thereof, steps and sequence of steps, 
and featuresof vcomposition and manipulation, 
which will be exempli?ed in the prOductsIand 
methods hereinafter described, and the'sIcope of ' 
the application of which will be indicated in the 
following claims. . I 

In the accompanying drawing, I I I I 

vFig. 1 illustrates hygroscopicities of the prior 
art amorphous green iron and ammonium citrates 
as compared to that of the greencrystalline iron 
ammonium citrate of the present invention;_ and, 

Fig. 2 illustrates hygroscopicitiesof- the prior 
art amorphous brown iron'jand ammonium‘cité 
rates as compared to that of the brown iron am 
moniumcitrate of the present invention. 1 
Chemically inde?nite mixtures of citric'acid, 

iron and ammonia have been recognized for 
many years in" the U. S. Pharmacopoeia and Na 
tional Formulary. ' Because of their much greater 
solubility, they have been used in preference to 
ferric citrate for the treatment of anemia and in 
the preparation of tonics. Industrially they have 
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also been used in the manufacture of blue-print / 
papers. ' 55 

2 , 

These iron and ammonium citratesare avail 
ablein two chemically different forms.v Green 
iron and ammonium citrate usually contains 
14.5-16% of Fe, about 11/2 moles of citric acid for 
each mole of iron and su?icient ammonia'Ito' 
make the composition neutral or only slightly 
acid to litmus; Brown iron and ammonium cit-' 
rate contains'16.5-18.5% Fe, about 1 mole of 
citricacid for each mole of iron, and su?icient 
ammonia to make, the composition slightlyalka 
line to litmus. Part of'Ithe iron in brown iron 
and ammonium citrate is present as ‘a colloidal 
dispersion of the oxide, as can be seen when a 
beam of light is passed through the translucent 
particles. _ ' ' I 

' Theseiron and ammonium citrates are avail-v 
able only as solutions or as amorphous and very 
hygroscopicsolids. IAs an‘example of their hy 
groscopicity, they absorb water so rapidly that 
when breathedupon they quickly become moist to 
the touch, the particles soonfuse together, and 
eventually thematerial becomes a semi-liquid 
mass. This is an inherent property of these 
mixtures and it greatly limits their usefulness. 
They are, for example, unsuitable for pharma 
ceutical pills and powders and can only be dis 
pensed as solutions or .in capsule form. Even 
ordinary handling or storage presents many prob; 
lems. Moreover, when used. in light-sensitive 
coatings to make blue-printpapers, their hygro 
scopicity is believed to be one of the underlying 
causes of the poor stability of blue-print paper. 

It has been believed that theamorphous nae 
ture of these compositions is unavoidable,v and 
‘that they couldnot be‘crystallized because they 
lacked a de?nite chemical structure, an essen¢ 
tial prerequisite for crystallinity. 

Not only are the products themselves unsatis 
factory in many respects, but there are also ob 
jectionable features in the processes for making 
them. Because they will not crystallize, solid 
products can be prepared only by evaporating 
solutions of the citrates to dryness. This is done 
either by spreading a thin ?lm of'the solution 
over a hot surface, in which case thin plates 
called scales result; or the solutions are evapo- . 
rated in alvacuum, in which case large granules, 
called pearls, are ‘obtained. In either case, the 
amount of heat consumed is very'great, and the 
labor required is considerable unless elaborate 
equipment isused. , , . 

I It has now been found in accordance with-the 
present invention that iron and ammonium cit 
rates can be prepared in crystalline form. These 
new crystalline ferric ammonium citrates possess 
a de?nite chemical structure as proved by their’ 
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chemical and physical properties. They are in 
the form of true crystals. One of their most 
valuable and surprising features is the compara 
tive absence of hygroscopicity compared with the u 
old amorphous citrates. Although they do ab 
sorb some water, it is at a much slower rate, and 
they can be exposed to a high relative humidity 
for many hours and still show only a slight gain 
in weight. Even when exposed to the atmos 
phere for very long periods of time they do not 
liquefy or become sticky as the amorphous prod 
ucts do. 
Not only are the products themselves more 

valuable, but they are more easily and economi 
cally manufactured. 
In making the amorphous citrates, ferric hy 

droxide is heated with a solution of ammonium 
citrate until it is dissolved. The proportions de 
pend upon the desired composition of the ?nal 
product. 

Cl 
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Although it has generally been the practice to - 

combine 1 to 1.5 moles of citric acid or ammoni- ' 
um citrate with one mole of ferric hydroxide in 
the manufacture of iron and ammonium citrate, 
it has now been found that if the ferric hydrox 
ide is ?rst dissolved in a solution of an ammoni 
um citrate, corresponding to only about 0.65 
mole of citric acid for each mole of ferric hy~ 
droxide, before the remainder of the citric acid 
is added, then a solution is obtained from which 
ferric ammonium citrate can be crystallized. The 
density and pH of the solution as well as the 
final ratio of iron and citric acid appear to be 
of only minor importance, havingr more or less 
effect upon the yield ‘but appearing to have lit 
tle effect upon the crystallinity of the product. 
Green crystals are normally obtained from 

this process even when the ratio of iron to citric 
acid corresponds to that for the amorphous 
brown iron and ammonium citrate and the solu 
tion is made as alkaline as possible with aque— 
ous ammonium hydroxide. Under these strong 
ly alkaline conditions the mother liquor is brown 
and it imparts a super?cial brown color to the re 
sulting crystals; but this color is readily removed _. 
when the crystals are washed with a small 
amount of alcohol or chilled water. If, however, 
the solution is saturated with gaseous ammonia, 
true brown crystals are obtained whose optical 
properties differ signi?cantly from the optical 
properties of the green crystals. The proportion 
of iron in these brown crystals is not greater 
than in the green crystals, as one would expect, 
but is of the same order. 
The following examples illustrate 

tion: 

the inven 

Example 1 

Sufficient ammonium hydroxide was added to 
an aqueous solution of ferric sulfate (200 g. ferric 
sulfate) to precipitate the iron completely as fer 
ric hydroxide. The precipitate was collected on 
a Biichner funnel and washed with distilled 
water until free from sulfate. An assay showed 
42.9 g. (0.77 mole) Fe as Fe(OH)a. 
The moist precipitate of ferric hydroxidevwas 

added to a solution of citric acid (106 g., 0.505 
mole) and ammonium hydroxide (165 ml. 20° 
Bé. solution, approx. 1.60 moles NHa in 00 ml. of 
water). The pH, determined with a glass elec 
trode, was 7.40. After boiling the mixture for 
15 minutes, additional ammonia (15 ml. of 20° 
Be. solution, 0.07 mole) was added, and boiling 
was resumed for 75 minutes, the volume being 
kept constant by addition of water. The remain 
ing citric acid (106 g., 0.505 mole) was then add 
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ed and the mixture was boiled for one hour while 
the volume was kept constant. The resulting so 
lution was ?ltered. The ?ltrate was concentrat 
ed to a density of 49° Bé., ammonia was added 
until the pH was 6.05 (2 ml. of the viscous sirup 
was diluted with 25 ml. distilled water and the 
pH was determined with a glass electrode), and 
finally, the liquor was concentrated to 51° Bé., 
then cooled in an ice chest. Crystallization was 
completed in about 4 days. The resulting green 
crystals of ferric ammonium citrate were cen 
trifuged, washed with alcohol and dried at 105° 
C. Approximately 117 g. of crystals were re 
covered. Additional crops could be obtained 
from the mother liquor so that the overall yield 
approached 100%. 

Example 2 

Ferric hydroxide (equivalent to 42.9 g. Fe as 
Fe(OH)a, 0.77 mole), prepared as in Example 1, 
was added to an aqueous solution of citric acid 
(106 g., 0.505 mole) adjusted to a pH of 5.20 
with ammonia, which corresponds to a solution 
of diammonium citrate. After boiling the solu 
tion for 90 minutes, diammonium citrate (0.505 
mole) was added and the solution was again 
boiled for another 15 minutes, by which time 
all of the ferric hydroxide had dissolved. The 
liquor was ?ltered and evaporated to 49° Bé. The 
pH was adjusted to 5.85 as described in Example 1; 
and the liquor was ?nally evaporated to 51° Bé. 
After the liquor had been in an ice chest for 4 
days, crystallization was induced by adding three 
very small crystals of sodium chloride. Two days 
later crystallization was well advanced and ap 
peared to be complete in another two days. The 
green crystals of ferric ammonium citrate were 
collected, washed and dried as in Example 1. 

Example 3 

Citric acid (233 g., 1.1 moles) was dissolved in 
water (190 ml.) and made neutral or at most 
only faintly alkaline to litmus with ammonium 
hydroxide (about 272 g. of 20° Bé. solution. 
Freshly precipitated and thoroughly washed fer 
ric hydroxide (corresponding to 93-94 g. Fe., 
approx. 1.7 moles) was added with stirring and 
the mixture was boiled for ?fteen minutes. Ad 
ditional ammonia (23 g. of 20° Bé solution) was 
then added and boiling was continued for a total 
of ninety minutes. During this time the volume 
was kept constant by the periodic addition of 
water. More citric acid (233 g., 1.1 moles) was 
added and boiling and stirring were resumed for 

~ sixty minutes, while the volume was kept con 
stant by addition of water. During this time 
the color of the solution changed from a reddish 
brown to a deep green. The solution was ?ltered 
with suction through a coarse ?lter paper and 
the ?ltrate was carefully evaporated to 49° Bé. 
(determined on the hot solution). The sirupy 
mixture was continuously stirred during this 
stage to prevent bumping and because of the 
tendency of the mixture to char near the bottom 
of the beaker. The pH was adjusted to 5.2-5.4, 
the measurement being made as in Example 1. 
Finally the adjusted liquor was evaporated to a 
density of 51° Bé. and set aside to cool. It was 
protected from light to prevent decomposition. 
Crystallization was induced by scratching the 
sides of the beaker with a glass rod. The green 
crystals of ferric ammonium citrate were sep 
arated by centrifugation and dried. They could, 
if desired, be washed with alcohol. 
Chemical analysis of the crystals obtained in 
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the foregoing examples showed 14.7% Fe and 
8.6%’NH'3 by weight.‘ ‘ 1‘ I 

‘The crystals were found 'to consist of small, 
interpenetrating; birefringent units, presumably 
due to extremely. extensive twinning." This cir 
cumstance effectively prevented obtaining any 
crystallographic data? other than the‘crystal‘op 
tical properties that 
microscope. 

following refractive indices: ~ 
The untwinned crystals were biaxialywith the 

“158110.003 
s=1.595:0.003 
'y=1.610:0.003 

The optic angle (2V) was large and the optic 
sign was positive. Dispersion of the optic angle 
was medium strong with the angle greater! for 
red than for violet light ('y>’l)). 
The crystalline structure of this green ferric 

ammonium citrate was con?rmed ‘by X-ray dif 
fraction studies, using the powder method. Nu 
merous sharp lines were observed. Examina 
tion of amorphous scales and pearls 'showed'no 

lines. ' " ' ~ Carefully weighed portions 'of the green'crys 

tals and amorphous iron and ammonium citrate 
were exposed to a relative humidity of 79%‘at 
room temperature. I 

reweighed at intervals :of from one totwenty 
four hours. In Fig. 1 the hygroscopicities, ex 
pressed in per cent gain in‘weight, of the‘green 
crystals and of the amorphous products are com-1 
pared. Not only'was the total gain in ‘weight 
much less for the crystals,but they gained weight 
at a much slower rate 'duringthe ?rst twenty 
four hours of exposure.‘ ' , _ ' 

Example ’ 4 i ‘ 

Freshly precipitated ‘and thoroughly washed 
ferric hydroxide (corresponding to approximately 
200 g. Fe, 3.6. moles) was boiled for about ninety 
minutes with an aqueous solution of citric acid 
(500 g., 2.4 moles) containing suflicient am 
monium hydroxide (about600 g. of 20° Bé solu 
tion) to make it neutral or faintly alkaline to 
litmus. Additional citric acid (350 g., 1.’? moles) 

could be studied with a 

The samples "were then . 
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was then added‘ andthe solution was evaporated I 
with heating and stirring to a speci?c gravity 
of 1.25 (at 25° 0.). The liquor was transferred 
to a ?ask and saturated with ammonia‘gas'while 
stirring it frequently with the tube used to ‘in 
troduce the gas. Anhydrous ammonia is desir4 
able for this purpose so asv to minmize dilution 
of the solution, but is not essential. The ?ask 
was stoppered with excess ammonia present and 
allowed to stand at room temperature until crys 
tallization was complete. The reddish-brown 
crystals were separated from the mother liquor 
by centrifugation. Then they were spread in a 
thin layer over the bottom of a dish andair 
dried. ; . - 

Larger and more perfect crystals were obtained 
when the saturated solution was chilled in an 
ice bath before it was saturated with ammonia. 
The vessel containing the liquor was then left 
in an ice bath until the whole system came to 
room temperature. .. 

Brown crystals, prepared as above, contained 
approximately 14% Fe. A part of this iron was 
in the form of a colloidal dispersion of iron oxide 
that could be seen when a beam of light was 
passed through the crystals. 7 
The optical properties of the brown crystals 
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were in general quite similar to'thoseofthe green 
crystals. The refractive indices were:' ' " v 

The optic angle was large and the dispersion 
was strong. The crystals probably Were'triclinic. 
The crystalline structure of the brown ferric 

ammoniumlcitrate was confirmed by X-raydif 
fraction studies, using the powder method. v‘Nu 
merous sharp lines were observed. On the'other 
hand, amorphous brown. iron and ammonium 
citrate showed no lines. ' 

, . 

Carefully weighed portions’ of two forms each-l 
of crystalline and amorphous brown ferric am‘-v 
monium citrate ‘were exposed to a relative humid- 
.ity of 79% at room temperature: The "samples 
were then r'eweighed at intervals of from ‘one :to 
twenty-four hours. 
ties, expressed in per cent gain in weight, are 
‘compared. Not only was the total gain in weight 
for the crystals much less, but they gained weight 

" at a' much slower rate during the ?rst twenty 
four hours of exposure. . 

In view of the above, it will be seen that the 
several objects of the invention are achieved vand‘ 
other advantageous results attained. ‘ 7" 
As many changes could be made ‘in the above‘ _‘ 

methods and products without departing from the 
scope of the invention, it vis intended thatfall" 
matter contained in the above description or 
shown in the accompanying drawing shall be in 
terpreted as illustrative and not in va limiting 
sense. ’ * ' 

l. The green crystalline ferric ammonium cit--v 
rate ‘containing vapproximately‘14.7% iron and 
approximately 8.6% ammonia by weight ‘and 
which will produce sharp lines when studied by 
the powder method of X-ray diffraction; , ' 

i 2. The green crystalline ferric ammonium cit 
rate containing approximately 1fl.7%‘iron and 
approximately'8.6%' ammonia by"wei'ght' and 
which will produce sharp lines when studied by 
the powder method of X-ray diffraction, the crys-‘ 
tals thereof being biaxial and having substan—_ 
tially the following refractive indices: 

v3. The brown crystalline ferric ammonium ‘cit-j ‘ 
rate containing approximately 14% iron by 
weight and having a refractive index n equal to 
approximately 1.592 which will produce sharp ' 
lines when studied by the powder ‘ method of 
X-ray diffraction 

4. The brown crystalline ferric ammonium cit 
rate containing approximately ‘ 14% iron by 
weight and having a refractive index n equal to 
approximately 1.592 which will produce sharp ' 
lines when studied by the powder method of 
X-ray diffraction, a portion of the crystals there' 
of being triclinic and having substantially the 
following refractive indices: ' 

a=1.540i0.03 
/3=l.~595i0.03 
y=1.641:0.003 

5. The method of forming crystalline ferric 
ammonium citrate which comprises adding ferric 
hydroxide to a mixture of citric acid and am 
monium hydroxide in the ratio of approximately 
1 mole of ferric hydroxide to 0.65 mole of citric 

In Fig. 2, the hygroscopic? 
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acid, thereafter adding an additional quantity of 
citric acid, and crystalllzing ferric ammonium 
citrate therefrom. 

6. The method of, forming crystalline ferric 
ammonium citrate which comprises adding ferric 
hydroxide to a mixture of citric acid and am 
monium hydroxide in the ratio of approximately 
1 mole of ferric hydroxide to 0.65 mole of citric 
acid while maintaining the pH between approxi 
mately 5 and 8, thereafter adding an additional 
quantity of citric acid, and crystallizing ferric 
ammonium citrate therefrom. 

7. The method of forming crystalline ferric 
ammonium citrate comprising adding ferric hy 
droxide to an approximately neutral solution of 
citric acid and ammonium hydroxide in the ratio 
of approximately 1 mole of ferric hydroxide to 
approximately 0.65 mole of citric acid, adding 
additional citric acid approximately equal in 
quantity to the previously added citric acid, and 
crystallizing ferric ammonium citrate therefrom. 

8. The method of forming green crystalline 
ferric ammonium citrate which comprises adding 
ferric hydroxide to a mixture of citric acid and 
ammonium hydroxide in the ratio of approxi 
mately 1 mole of ferric hydroxide to 0.65 mole 
of citric acid while maintaining the pH between 
approximately 5 and 8, thereafter adding an ad 
ditional quantity of citric acid, and crystallizing 
green ferric ammonium citrate therefrom. 

‘ 9. The method of forming green crystalline 
ferric ammonium citrate which comprises adding 
ferric hydroxide to a mixture of citric acid and 
ammonium hydroxide in the ratio of approxi 
mately 1 mole of ferric hydroxide to 0.65 mole of 
citric acid while maintaining the pH between ap 
proximately 5 and 8, adding an additional quan 
tity of citric acid approximately equal to the pre 
viously added quantity, and crystallizing ferric 
ammonium citrate therefrom. _ ' 

10. The method of forming brown crystalline 
ferric ammonium citrate comprising adding ferric 
hydroxide to an approximately neutral solution 
of citric acid and ammonium hydroxide in the 
ratio of approximately 1 mole of ferric hydroxide 
to approximately 0.65 mole of citric acid, adding 
an additional quantity of citric acid, maintaining 
the resulting mixture saturated with ammonia, 
and crystallizing brown ferric ammonium citrate 
from said mixture. 

11. The method of forming brown crystalline ' 
ferric ammonium citrate comprising adding fer 
ric hydroxide to an approximately neutral solu 
tion of citric acid and ammonium hydroxide in 
the ratio of approximately 1 mole of ferric hy 
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droxide to approximately 0.65 mole of citric acid, 
adding additional citric acid approximately equal 
in quantity to the previously added citric acid, 
maintaining the resulting mixture saturated with 
ammonia, and crystallizing brown ferric am 
monium‘ citrate from said mixture. 

12. The method of forming brown crystalline 
ferric ammonium citrate comprising adding fer— 
ric hydroxide to an approximately neutral solu 
tion of citric acid and ammonium hydroxide in 
the ratio of approximately 1 mole of ferric hy 
droxide to approximately 0.65 mole of citric acid 
while maintaining‘the pH between approximately 
5 and 8, adding an additional quantity of citric 
acid, maintaining the resulting mixture saturated 
with ammonia, and crystallizing brown ferric 
ammonium citrate from said mixture. 

13. The method of forming brown crystalline 
ferric ammonium citrate comprising adding ferric 
hydroxide to an approximately neutral solution 
of citric acid and ammonium hydroxide in the 
ratio of approximately 3.6 moles of ferric hy 
droxide to approximately 2.4 moles of citric acid 
While maintaining the pH between approximately 
5 and 8, adding an additional approximately 1.7 
moles quantity of citric acid, maintaining the 
resulting mixture saturated with ammonia, and 
crystallizing brown ferric ammonium citrate 
therefrom while maintaining said mixture satu 
rated with ammonia. 

14. A compound selected from the group con 
sisting of the green crystalline ferric ammonium 
citrate containing approximately 14.7% iron and 
approximately 8.6% ammonia by weight, and the 
brown crystalline ferric ammonium citrate con 
taining approximately 14% iron by weight and 
having a refractive index 11. equal to approxi 
mately 1.592, each of which compounds will pro 
duce sharp lines when studied vby the powder 
method of X-ray diffraction. . 

HARRY J. KRUSE. 
HENRY C. MOUNCE. 
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