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Chemistry. - "On Ilydrogel of oxide of iron (fen·ie-oxide)". 
By Prof. J. M. VAN BEMMELEN. 

In the Recueil des Travaux Chimiques äes Pays-bas 1) Mr. SPRING 

stated some time ago tbat be had prepared ft hydrate of oxyd of 
iron: d'une composition rléfinie. lIe had got it by allowing to rll'Y -
by exposure to the air - the gelatinous precipitate produced hy 
ammonia in ft diluled ferri-solution and tb at af ter baving washed 
it out. Aftel' 72 days the equilibrium became stabie, and aftel' 5 
months it was found to be unchanged. It answered to the composi
ti on Fez 03, 4 Hz O . .A.bove sulphuric acid it lost water so that aftel' 
3 dnys the composition was Fez 0 3 1.78 Hz 0 (calculated by me). 

Formerly, in 1888 2) and 1892, I haye comrnunicated, that the 
gelatinous oxide of iron had DO stabie composition, but wus an 
absorption-alJoy of Fez 03 with water. I bad also found tbe number 
± 4,0 Hz 0 in one of my pl'eparations, but I considel'ed it as an 
alloy, that only answered to a whole number by chance. The opinion 
that a fixcd hydrate had been obtained, is contrary to the nature 
of hydrogels. For tho composition is continuously dependent on: pt. 
the structure of the colloïd, ",hi('h in its turn depends upon the 
circumstances of tho gel-format ion ; 211(1. the modifications that the 
structure has undergone oy tho further treatment; 3n1• tbc concentration 
of the gaseousphase, with which the gel co-exists; 4th• the temper,ttul'e. 

Owing to my having determilled thc composition only with a few 
vapoul'-tensions, SPIUNO'S communicatiollied me to determine the entire 
isotherm at 15° viz. of dehydration of rehydration anel of rede
hydration and to exal\l:ne cUl'efully how the Hydrogel behaves wh eu 
exposed to tbe air, the vapour-tension of which is continually changing. 

Accordingly I prepared again a Hydrogel ft"om a bighly diluted 
ferric-solution 3) and worked with it at onee, while it was still 
quite fresh. Besides I determined lhe same curves for the pl'opara
tion already investigate:d' by me in 1882, which had now growll 
16 years older (lU); and in thc third place for a preparation made 
in 1891, which had been under water for seven yen I'S (II). Those 
deterrninations were made in the same rranner as formcrly fol' tbc 
hydrogel of Si O2 and of Cu 0 4). On 1110 gmphic sketch 1 have 

, 

1) 18,222 (1898). 
~) Heetteil VII lOG-lH. J. f. prnkt. Ch. ~8-529. 
3) 1 l)ul't Fe~ 0 3 on 136 p. water = 1 M.ol. Fe2 0 J on 585 p. witter. 
:) Vide Yerslng KOI1. Aknd. of 28 Jnnr.lSH3 :lIld 29 Jttlle 18\)5. At present the eqnili. 

blllllllS lire detel'llIined nt VUpo1ll'-p:'essllles of 12~-116-10n-lO-IJI-81_-72-(j2_5 
-42-2_08 111.m. both for A nud for Z t anel Z t. 
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made uso of the same signs (sec fig.) vi? A t for the CurYe of 
dehydration of water, Z t fol' tlmt of the rehydration of water 
and Z t for that of the redehydration of water. The equilibrium 
at a certain vapour-tension was only gradually approximated on 
.A. 't) the more slowly in proportion to the lattel"s differing le88 
from the ten sion of saturated vapour (12.7 m.m.). At 122 m.m. a 10BB 

in 1 month's time was still noticeable af ter 5 months j at 9 m.m. 
tbe 10ss in 1 mun th's time was no longer noticeable aft er 3 months; 
and at 00 m.m. aftel' one week. On the contrary the equilihrium 
in Z tand Z t was obtained~ within 1-2 days, except on part of 
Z ~ (from point 0 to Ol) where the phenomenon of Hysteresis 
sbowed it::;elf again. 

From the figure we see that the curves agree with those for tbe 
Ou 0- aod the Si Oz-hydrogel. 

The proportion of water at 15° is greater than that of these two 
(I only give here that at 122 and at 0 m.m. vapour-tension). 

122 m.m. 00 m.m. 

Fez 03 ± 9.5 1.51 

CuO ± 7 1.1 
Si O2 ± 6 02; 

but is e<]l1u11y continuously dependent on the vapour tension. 
Point 0, which shows a break in the continuity in silicic acid (iu 

consequence of a transfol'mation in the gel and the diminution of 
the power of absoJ'ptioll rcsu] ting therf'from) and at thc same 
time the turupoint of the process of de.hydration, this point is not 
80 clearly seen in the hydrogcl of Fe2 03• But it betrays itself in 
the following' manner. If the gel, arriving in any point of the lino 
A t, is provi~ed again with water from this point (Ly the exposition 
to a higher vapour-tellsion up to 127 m.m.) it only absorbs ± 
°12 H20; comp. for this on fig. 1 the linf's At, starting from the 
points a, b, c, d. This rule howevcr only holds good if the propor
tion of ± 3,5 H20 is not yet reaehed; below this the gel absorbs in 
case of rehydration so much water, that the proportion in tension 
of saturated vapour amounts to ::I:: 3,6r.. It is therefore about hele 
that the possi bility of reversing thc further process of the dchyc1m
tions begins, and there is a point which answers in that respect 
to the turningpoint 0 in silicic acid. At the end of thB dehydl'Htion 
in point 00 (vapour-tension = 0° m.m.) the appearenee of air-bubblos 
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on the immersion in water is only ohscrvec1 m a slight degl'ee 1). 
It must therefore be inferred thnt but few cavities are fOl'mec1 during 
the dehydrations on the branch 0-00 , This phenomenon is how
ever much better noticed in the gel II (see below). Thc final curve 
of the rehydration Z t again has the points Ol and O2, whieh 
appeal' at the redehydration of water as in the case of silicic acid. 
For the rehydl'ation curve Z ~ does not eonverge, neither with 
Z t nor with A.~. It is true that the difference for the branches 
03 O2 and Ol 00 is slight, but just as with silicic acid, the branch 
02 0 is vastly divergent from Ol O2, 'rhe same hysteresis-phenomflnon 
appears. Line Z t, especially the branch Ol O2 can only be realized 
in the direction t (rehydration), the line 0 Ol in the direction 
.t. (dehydration). An intensified power of ausorption is created on 
Z t, that lcaves its influence on Z~. At the redehydration (Z ~) 
a point 0 appears, showing the same phenomena as in silicic acid. 
Starting from this point Ol 1he equilibrium is obtained very slowIy 
on the branch 0 Ol; a weakening of the power of absorption takes 
pince, th at leayes its influence behind, so that at the rehydration 
it is not the branch 0 0] that is run back, but the branch 0 1 0 2, 

As a result, here as with silieic acid return-curves may be realizecl 
within the figure 0 Ol 0 2 0, if rehydration or redehydration 
takes plncp, starting from a point on the line 0 Ol or on the line 
O} O2, rrwo of these intermediate cUl'\'es, one of the dehydration 
.t. and one of the rebydmtion t, are indieateel in the figure IJy 
dotted lines. 

lvlodificatirms. The modi6callon causeel by time, by which the 
power of absorption is weakoned, is also the same as with silicic 
acid. The figure shows this for a Gel, tbat has grown 16 years 
older (eurve A. ~ of In). The proportions are lower agaill than 
were found before, when the same substanee was seven years older 
than at tbe fil'st determination. The fact of the Gel havin~r been 
under water for seyen yeal's bas also weakened tbe power of ab
sorption (curve A ~ of 1I). Fot' the sake of clearness the curves 
Z tand Z t have been omitted. ThE'y dilfer very liUle from the 
A. ~ line, anel only di"Verge from it at higher YapoUl·-tensions (at 
about 10-11 m.m.), as is Rhown in the following tabIe: 

1) In silicic nchl mnny cnvities I\\'(, fo\'m('(I, wllÎc:h condensnte n cOllsÏ<le1'l\hlp vo
lume of nir. Vide Versl:'g KOll AkllCl. of ApIil Cl, lS\lS, p. '198- 506. 
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-
Hl (Hl yenrs aId). I1 7 years uuder water. 

---
Z l' I z t z l' I z ~ 

m.m. Mol H20 Mol H~O 
--

I !) 1.56 15fi 1.5 1 5 

10 UP 1 (j. I.Clo 1.7' 
]07 1.74 1.77 1.8& I.!)· 

lF 2.2' 2.'j,7 302 4.5 
Hll 33" U' 6.7 7 !l0 

121 snturatcd ± 8.5 1) 8.6 2) 

-
I) Ühtaillcd iu jJle comBe of 

\ 
2) Aflel S any~. 

some mOllihs. 

The same phcnomonon pl'esents itsclf fl,S with silicic acid. The 
more it is modified, the more water it Can absorb at thc higher 
vapollr-tensions. The hysteresis is remoyed to that region. Thr 
Gcls Ir and IH at rehydration can absorb up to more thnn 
8 Mol. H20, wllile I can come TIl) fnrthcr tlum to + 3.65

• 

Jt is highly remarlmble that III r~quirc'3 months fol' it, n only 
days. This tOG points to a difference in structure. Now it is very 
remarkable tha.t Gel III does not show any nir-bllbbles escaping 
at tht' point 0 0, when immersed in water, while Gel II does. In 
Gel II therc oppear immedintelyon the smface anc1 at ths rims 
of the transparent (So exccedingly thin) fil ms at n llmerous pI aces 
smaller and larger air-bubbles. Consequently the gel contain8 ca-vi
ties, but their joint -volume is not by far 80 great as in silicic (lcid. 
In connection hercwith seems to be that n absorbs pretty quicldy 
a considerabie amount of aqueous vapour at a vapour-tension of 12 
m.m., while lIl, which cOlltains no cavities, does this so extl'cmely 
slowly. 

1t results from the above that no chemical hydrate can be obta.i-
ned by drying the Gel by exposure to thc air, and that moreovel' thc 
composition must change with the change in thc vaponr-tension of the 
air. This was also proved oy daily weighing a quantity of I exposed 
to the air (fresllly prepared and pressed betweell two porous plates) 
for half a year. In the beginning it cOlltained ::t: 18 Molec. I1~O 
on 1 Molec. Fe2 Os aud contained thcrefore mllch water inclosed. 
With decreasing .elocity the pl'oportion had fnJlen aflcr \) days to 
5.4 I-I2,O; from that pel'iod it came sensibly unuer the influence of thc 
changes in the vapour-tcnsion of the air, so that it dccrcascd irre
gularlr in weight and sometimes increa!)cd. Af tOl' 11/3 mOllth the 
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proportion had fa.llen to 4,64 lJ20, allel fol' the next tll1'ee months 
this proportion varied according to the vapour-iension of the air, 
between 4,64 and 4,5l:> H20. Unaltered weight, rising or faUing 
were found to agree with the indications of the hygrometer (of 
KLINICERFUES). Meanwhile a little decline was observable. If the 
vapour-tension of tbe air, which in that time varied between 10 
aud 8 m.m. had fa.llen to 7 m.m. and had rema.ined stationary 
for some time, tbe composition ± 4 H~ ° would have been 
attained. For this amount has been obtained in the Gel I aftel' 
some months at tl zat vapour-tension. That composition would have 
risen but little if the vapour-tension of the air had become again 
grcater. 

That tbe composition depends on the temperature, that tbc power 
of absorption is weakcned by heating to higher temperatures, anrl 
is dCf,tt'oyod at incandesC'ence, all this I ha\'e already communiC'ated 
hnfOl'e 1). 

Dr. KLOllBIE ana I have ollly succeeded in observing the transition 
of colloic1al fen'ic oxide to a crystalloidal chemical hydrate in case of 
monohydrate2), by the influence of water at 150 on the hexagonal 
crystals of the chemical compound Fe203' Ncl20, in whieh Naz ° is 
~rndually }'rplaced by 112 ° without the crystalline structure (form, 
tmnsparency, power of polarisation) bcing rnodified. Nature provic1C's 
ns with the crystallinc Monohyrlmte: Göthit, that can bear heating 
to ± 2800 without losing " ... nter allel without passing into the amor
phous state 3). 

Chemistry. - MR. YAN BI!~Ml\mLU presents in the nn1110 of 
MlL B. DE BRUIJN a paper on an investigation heltl in the' 
Illorganic Chemica 1 Laboratory of the U niversity of Leyrlrn, 
concerning: "Tlte etjztilibriu1I1 of sJ/8icms of t!tree subsfm/l'es, 
in 10hich two liquids OCClt,,". 

In systems of three components, in which two 1iquid phnse's 
oecur, the following cases may be distinguished: 

l st • the conlpollcnts A and B form t~gethcr two liquid phnses; 
cqually 80 the cornponcnts A and C allel Band C. 

2nd• the components A and Band A and C fOI'rn two liquid 
phases, but the componcnts B anü C ,10 not, at IC'ast in st.ablo 
conrlitions. 

I) lleC\wil ':. 111-11 a. Zf'itsc·hl' .. \llOlg. Uh. 1.S. 2-1. 
2) .T. f. Ijl. eh. 40 !l23-G2U. 
3) J. f. pro Ch. 40. 521. 


