
Chemistry. - "On Complex Cobaltic Sa lts with nine-valent lons" 
By Prof. F. M. JAEGER and P. KOETS. 

(Communicated at the meeting of December 19. 1925). 

§ 1. If a trivalent pseudo-base B rea cts with complex cobaltic salts 

of the type: ~Co (E~:h: Y. wh ere X is a negative substituent and Y a 

monovalent ion. 0' with those of the type, ~co (Er),! Y,. wh"e Z i, 

an indifferent group I). the possibility occurs of getting salts of a new 
kind of ~omplex ion of the type: . 

~ .. (Eïne) .. (X 
)(Elne)Co: B . Co. B: Co(Elneh l . or 
( (Eïne) ) 

the new complex ion being now nine-valent. It is. of course. necessary 
in this case. that the pseudo-base B contains th ree completely equivalent 
NHrgroups; as X 2 or XZ can only be substituted by two groups 
NH2• two molecules of B wi\l th en link together three of the original 
cobaltic complexes. According to some experiments of POPE and MANN 2). 
Triaminotriethylamine: N(CH2-CH2-NH2h. although possessing a 
tertiary N-atom of only feebly basic properties. would occupy four 
coordinative positions in complex salts; a facto which they proved i.a. 
by the preparation of some salts of bivalent nickel and platinum of the 
type: I Ni(Triam) I (SCNh. and I Pt(Triam) I 12• in which the central 
metal-atom has the coordination-number four. However. in consideration 
of the fact, th at the N-atoms of the three NH2-groups of this base 
exhibit another chemical function than the fourth N-atom. one can foresee 
the possibility. that the base mentioned might. in the case supposed in 
the above. eventually react also as a trivalent one with respect to its 
coordinative functions. 

It appeared. that triamino-triethylamine in aqueous solution. reacting with 
diethylenediamine-dichloro-cobaltic-chloride or with diethylenediamine
chloro-aquo-cobaltic-chloride or -sulphate. gave indeed salts of one of 
the types mentioned in the above. These compounds are of interest. as 
weIl by the very high valency of their complex ions. as by the fact 

I) Eïne is used in these formulae. as in most cases. as an abbreviation for ethylene
diamine: NH2. CH2 ' CH2 . NH2 : in the same way Triam as an abbreviation for triamino
triethylamine. 

2) F. G. MANN and W . J. POPE. Chemistry and Industry Review. +f. 834. (1925). 
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that an uneven number of the original. in the case of the cis~con~ 
figurations at least possibly resolvable complex ions. - are linked together. 

Indeed. salts of the type: ~ Co (~2eh ~ Y are. if they have a cis~con~ 
figuration. resolvable into enantiomorphous isomerides. even wh en both 
substituents X are identical; the linking together of an uneven number 
of such enantiomorphous complex ions must. therefore. - because they 
are present in equal numbers in the optically inactive solution. - lead 
to a number of combinations. which at least will correspond to three 
different kinds of isomerides. For if the supposition is made that in 
triaminotriethylamine the three radicles: (- CH2 • CH2 • NH2) and the 
fourth N~atom are situated in the same plane. and that this situation 
persists also in the complex ions. then. in the case of the cis~configura~ 
tion. three isomerides will be possible (Fig. 1). of which two (I a and 1 b) 
possess only a single axis of binary symmetry. while the third (3a) is 
completely asymmetrical. As these three isomerides possess merely axial 
symmetry. they must. therefore. be resolvable into enantiomorphous 
forms. and yield six kinds of optically active molecules. 
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H. however. only two of the groups: (- CH2 • CH2 • NH2) are situated 
in the same plane with the fourth N~atom. - the third radicle being 
situated outside of that plane. - then six isomerides (cis~ and trans~ 
forms) are possible (Fig. 2). which all six will be resolvable into optical 
antipodes. 

For in th is case each of the thus generated threefold complexes will 
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possess a spatial conflguration differing from its mirror~image; each of 
these threefold ions. therefore. will represent a racemic compound. which 
may be resolved into optically active forms. Up till now. however. it 
was only possible to separate a single homogeneous compound from the 
reaction~mixture. which opposed to all tentatives of resolving it by means 
of optically active acids. In this connection it may he remarked. that 
a threefold complex ion of the second type proposed in the above. can 
under no circumstances whatsoever be resolved into enantiomorphous 
forms. In the following also those tentatives will be reviewed. which 
were made with the purpose of resolving the optically inactive salts 
obtained. 

, (Eïne) i ~ (Eïneh ~ 
§ 2. The salts: lCo Cl 2 (Cl (green) and )Co Cl ( Cl2 (violet). 

2 , ( H20, 
from which we started in this investigation. were prepared af ter the 
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methods described in literature. The green praseo-salt is rapidly changed 
into the isomerie cis-compound when heated in solution; the complex 
saIts of the type here considered. appeared, moreover. to be identicaI. 
if prepared by the action of the base either on the green praseo- or on 
the violet chloro-aquo-salt. Yet. as we shall see afterwards. the complex 
salt generated must in reality be a derivative of the isomeric ions in 
trans-configuration. 

The triaminotriethylamine used in these experiments was prepared 
af ter the method published by RISTEN PART 1). but varied with respect to 
its particularities. The original compound used in this synthesis is {J-bromo-

ethylphtalic-imide') , 0 ~g > N. CH, .CH, . Bc (Mpt, 82" Cl. fcom 

whieh at a temperature not exceeding 1500 C triphtalyl-triamino-triethyla

mine: (C6H1<~~>N. CH2.CH2)3 N (Mpt. 1870 c.) is prepared by 

introducing dry ammonia into the molten mass. This compound is then 
afterwards split by means of concentrated hydrochloric acid. yielding the 
desired base in form of its hydrochloride. Now it soon became evident. that 
the reaction with gaseous ammonia led to the final state only very slowly. 
We tried. therefore. to get a better yield by prolongation of the time 
of reaction. The temperature cannot appreciably be elevated. brown 
deco~position-products being formed as soon as 1500 C. is surpassed; 
these accessory prodlicts highly impede the ready crystallisation of the 
desired compound. It appeared. that af ter introducing the gaseous NH3 

during 4 hours. a yield of the base of 27 0/0 was obtained; during 8 
hours: of 45 Ofo; and during 10 hours: of 65 % of the weight of the {J-bromo
ethylphtalic-imide originally used. A further increase of the time of 
reaction did not increase the yield of the final product to any appreci
abie extent. The unchanged {J-bromo-ethyl-phtalic-imide is afterwards 
separated from the reaction-mass and purified for further use. 

In most experiments a slow current of dry NH3-gas was during 10 
hours introduced into 125 grams of molten {J-bromo-ethyl-phtalic-imide. 
which was put into a round-bottom vesseI. whieh was heated in a bath 
of graphite at 1400 -1500 C. Af ter a short time the content of the vessel 
becomes viscous. while NH,.Br is separated out. crystallizing partially in 
the neck of the Bask. The reaction being finished. the yet warm product 
is extracted three times with 80 ccm boiling alcohol of 97 010; the residue 
is firmly pressed between filter-paper and recrystallised from bOiling 
acetic acid. The recrystallised product melts at 1870 C. Prom the alcoholie 

1) E. Rr5rENPART. Ber. d. d. chem. Ges .• 29. 2531. (1896). 
2) S. GABRIEL. Ber. d. d. chem. Ges .• 21. 566. (1888); 22.1137. (1889). Thls compound 

was prepared by heating 100 grams of the potassium-salt of phtalic-imick with 399 grams 
of ethylene-bromide during seven hours. and by eliminating the simultaneously formed 
ethylene-diphtalic-imide Erom the reaction-mixture. 
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filtra te about 20 grams of fJ~broma~ethyl~phtalic~imide . af ter evaporating 
to dryness and extracting the solid residu with carbondisulphide. can be 
separated. The yield of pure triphtalyl~triamino~triethylamine was 75 
grams. besides a small amount of its hydrochloride. 

The compound thus obtained is inclosed into glass tubes. each con~ 
taining 25 grams of it and 60 ccm st rong hydrochloric acid (sp. gr. : 
1.19); the sealed glass~tubes are heated during two hours at 1500 C. in a 
CARlus~furnace. Af ter cooling. the tubes. on opening. show in most 
cases only a sm all over~pressure; their content is diluted with water. the 
phtalic acid is filtered off. and the filtrate evaporated. The strongly 
concentrated solution is afterwards mixed with alcohol + ether; the 
hydrochloride of triaminotriethylamine is in this way soon precipitated 
in a good crystalline form . The yield of hydrochloride is about 93 % 
of the calculated quantity. 

On slow evaporation of an aqueous solution of the hydrochloride. 
steep bipyramidal crystals were obtained; analysis gave: 41.73 % Cl and 
21.69% N; calculated for N(CH2 .CH2 . NH2h.3HCI: 41.59% Cl and 
21.92 % N. 

Crystal~farm af Triamina~triethylamine~hydrochlaride: N (CH 2 • CH2 • 

NH2• HClh· 

c 
o 

o c 

B. 

A. Fig . 3. 
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Prom the acid solution in water the compound crystallizes in steep. 
colourless. of ten spindle-shaped crystals or hexagonal tables. 

H exagonal-bipyramidal. 
a: c= 1 : 3.2914. 

Forms observed : 0 = 110111. highly lustrous and yielding excellent 
refIection-images ; x = 110131. usually absent. always very small and 
giving dull refIexes. The crystals are weIl built. but some planes of 0 
of ten show laddershaped projections. as a result of a repeated growth 
parallel to 1 0001 I. The angular values in the zone 0: care. therefore. 
of ten inconstant. 

Angles : Observed: Calculated : 
0 : 0 = (1011): (011 1) = 57° 50' 

0 : 0 = (1011) : (10 11) = 29° 18'-29° 50' 29::> 29' 

O: x = (1011):(I013)=210 15' 

The optical extinction on 0 is perpendicular and parallel to the edge 0 : c. 
Cleavage eVidently occurs along 100011. 
In convergent light the interference-image of an uniaxial crystal is 

observed. exhibiting no circular polarisation. The double refraction is 
rather strong and of negative character. 

The free base cannot be obtained from the hydrochloride by di stilling 
the solution. af ter addition of potassiumhydroxide in excess. with steam. 
the base not being appreciably volatile with water-vapour. The finely 
powdered salt. mixed with an excess of also finely powdered potassium
hydroxide was. therefore. distilled directly from a silver fIasko The pure 
base boils under ordinary pressure at 2650 c. ; it is a colourless liquid. 
which under reduced pressure (15 m.M.) distils at 114° C. Prom 
100 grams of fJ-bromo-ethyl-phtalic-imide ordinarily about 6 grams of 
the pure. anhydrous base were obtained. The preparation of the complex 
salts took place by means of solutions. containing 8-11 % of the base. 

§ 3. The preparation of the complex Cobaltic-salts. 

4.8 Grams of ~Co (E~;h ~ C12• solved in 50 ccm. water. were during 
( H 20 \ ' 

4 hours heated on the waterbath with 1.53 grams triaminotriethyl
amine in 8.76 % aqueous solution. Af ter evaporating. from the filtered 
solution finally a chloride was obtained. possessing a slightly more red
dish colour than the luteo-salts and having the composition: 

l C03 (~:~)2 t Cl9 + 6H20. as was proved by analysis . 

Analysis: 8.10% H 20; 13.75% Co; 25.61 % Cl; 21.60f0 N. Calculated 
for the composition mentioned above: 8.60f0 H 20 ; 14.01% Co ; 25.34% Cl; 
22.3 % N. In the anhydrous salt were found: 14.92% Co; 27.68% Cl 
and 24.34 % N ; calculated 15.40% Co; 27.83% Cl and 24.4 % N. 
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IE astrong solution of Nal. be added to a concentrated solution of 
the chloride. a pretty orange~coloured iodide is precipitated. which af ter 
filtering. washing with water. alcool and ether. appeared to be anhydrous; 

it has the composition: l C03 (!i;::~)2 ( 19 . 

Analysis: 11.26% Co; 58.03% I; 14.060f0 N; calculated: 1 1.300f0 Co; 
57,960f01 and 14.210f0N. 

Besides this compound. also a small quantity of crystals of ICo(EïnehI/3+ 
+ 1 H 20 was isolated. (See here~after). 

\ (Eïne)6' 
Crystal~form of I COJ (Triamb \ Ig. 
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On slow evaporation of a solution of thc salt in water at room~ 
temperature thick. dark coloured. very lustrous crystals are deposited 
(Fig. 4A ). From a hot solution. however. on slow cooling long blood~red 
needies (Fig. 4B ) are obtained. 

Rhombic~bisphenoidal. 

a: b: c=0.6498: 1: 0.9959. 

Forms observed: c = 10011. either predominant or smalt as in Fig. 4B • 

but always very lustrous. In the larger crystals. the face c appears to 
to be finely striated parallel to c: b, giving muit iple reflexions. Further: 
m = 1110 I. strongly lustrous ; a = 1100 land b = I 010 I, both yielding 
good images. on b commonly bet ter than on a; 0 = 1111 I. narrow . 
always present. giving very sharp reflexions ; 0' = 11 ft I much broader 
than 0, sometimes equally broad. yielding sharp images; q = 10211. 
only present in the larger crystals and th en very weil reflecting; 
w = 11.1 .10 land w' = 11.T.1 0). extremely narrow. The crystals formed 
at lower temperatures are more tabular parallel to c; those developed 
at higher temperatures are more elongated parallel to the c~axis . These 

5 
Proceedings Royal Acad. Amsterdam. Vol. XXIX. 
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crystals exhibit of ten, very narrow, p = 1520 I and show a hemihedral habitus. 
The vertical zone is of ten badly built; however. in the needle~shaped 
crystals much better than in those drawn in Fig. 41\. Rarely very beauti~ 
fully shaped crystals. as reproduced in Fig. 4e • were observed. The 
angular values differ of ten rather appreciably in different individual&, as 
th is is of ten observed with mixed crystals. 

Angles : Observed: Ca/culated : 

a: m = (100) : (110) =* 33° I' 

C: 0 = (001) : (111) = * 61 19 

0: m = (111) : (110) = 28 41 28° 41' 

b: m = (010) : (110) 56 55 56 59 

a: p = (100) : (5iO) 14 31 14 34 

c : Ol = (001) : (1.1.10) = 10 24 10 21 112 
m : p = (110) : (520) 18 23 18 27 

a : 0 = (100) : (111) 42 40 42 33112 
c : q = (001) : (021) 63 21 63 20112 

m : q = (110) : (021) = 60 44 60 51 112 
0:0' = (111) : (111) = 57 15 57 6213 
0 : 0'=(111) : (111) 94 43 

0:01 =(111):(1.1.10)= 50 59 50 57112 

Cleavage parallel to b. On a. mand b everywhere normal extinc~ 
tion: the optical axial plane is 1 001 I. Strongly dichroitic: on m for 
vibrations perpendicular to the c~axis blood~red. for those perpendicular 
to the first: orange~yellow. 

From the solution. as al ready said 

Fig.5 

before. besides this iodide. also 
smalI. pyramidal crystals were 
obtained, which were readily 
measurable (Fig. 5). 

Rhambic~bipyramidal. 

a : b : c = 0.8538 : 1 : 0.8625. 

Farms abserved: c =)001: and 
a = ) 111 :. yielding good reflexes; 
the habitus of the crystals is 
of ten apparently hemimorphic. 

Angular Values : Observed : Ca/culated: 

c : 0 = (001) : (111) = 53° Ph' 

0: 0 = (111) : (111) = 62 30 

0:0 = (111) : (111) = 74 46 

No distinct c1eavability was observed. 
The axial plane is 1010 I. with the c~axis as the first bissectrix. The 

axial angle is smalI: no appreciabIe dichroism. 
EVidently these crystals are really identical with those of 1 Ca(Eïneh 1 13 
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+ lH20. Analysis also showed this to be the case: 59,7 Ofo I; 9.240f0 Co; 
and 13.2 % N. This fact proves once more. that~ as ·stated. the complex 
ion of the diethylenediamine-chloro-aquo-cobaltic-salts is partially decom
posed. if its solution is boiled with dilute solutions of bases. under for
mation of the apparently very stabIe triethylenediamine-derivatives. 

Also another derivative of the new threefold ion was obtained in 
magnificent crystals by heating of diethylenediamine-chloro-aquo-cobaltic-

sulphate: lco (E~lh ~S01 + 11/ 2 H 20. with a solution of the base and 
H20 ~ 

treating the solution thus prepared with Ag2S01• for the purpose of 
eliminating all Cl-ion from the liquid. 

If 27.53 grams of the complex sulphate mentioned above be boiled 
during four hours under reflux with 7.5 grams of the base (in 11 Ofo
solution). first a beautifully crystallised salt is deposited. appearing in 
brown-red octahedral crystals; if the solution af ter evaporation and af ter 
all chlorosulphates formed in this reaction are by means of Ag2S01 

transformed into sulphates. is cooled down to room-temperature. the 
new salt is readily deposited. Sometimes this salt is also obtained in 
good quantity. before the solution is treated with Ag2S01 : thus. for 
instance. in areaction between 31.7 grams of the chloro-aquo-sulphate 
and 8.64 grams of the base (in 10 Ofo-solution). immediately 12 grams 
of the pure salt were. on cooling. deposited in beautiful, lustrous crystals. 
It is better. however. to treat the solution first with Ag2S01 so that 
all Cl-ion is eliminated from the liquid. In that case the new compound 
is directly obtained in lust rous crystals. besides a mother-liquor B. 

The new sulphate was recrystallised several times and th en analysed. 

Analysis: 5.79 Ofo H20; calculated for I C03 ((TEï?e)6) , (S01)9 +8H20: 
I nam 2 \ 2 

5.710f0 H 20. In the anhydrous salt was found: 13,71 Ofo Co; 34.28 Ofo 
(SO 1); 22.30 0/0 N; calculated for the anhydrous sulphate: 14.03 0/0 Co; 
34,28 Ofo (S01) and 22.22 Ofo N. 

The cryoscopical determination of the molecular weight gave results. 
which were in close agreement with the constitution mentioned above. 
If the sulphate in dilute solution were completely dissociated. each 
molecule would give 11 ions; therefore. instead of the normal molecular 
weiÇJht: 2666 for the hydrate. or 2522 for the anhydrous salt. - values 
could be experted to be found in th is case. oscillating round 242. Now 
a solution of 0.4610 grams of the substance in 30.829 grams water. 
showed a depression of the freezing-point of: 0°.100 C. The solution 
contained 1.495 Ofo (or 1,4140f0 of the anhydrous) salt; therefore. "the 
apparent molecular weight is here: 261.6. corresponding to a rea I 
molecular weight of 2877. The degree of dissociation a thus would be 
about 0.85 at this con centra ti on ; it seems from conductivity-experiments. 
that even a lower degree of dissociation is present here. 

5* 
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Some measurements of the electric (molecular) conductivity gave the 
following results : 

Iconcentration Concentration Dilution in Speci/lc Mol.con-
Degree of 

In grams in Mols. conductivity ductivity 
per Liter per Liter Liters (X 10"') (X 104) dissociation 

46.024 0.01879 53.22 22.74 1210 0.43 

34.518 0.01295 77.22 18.09 1397 0.50 

25.889 0.00971 102.98 14 .08 1450 0.52 

19.416 0.00728 137 . 36 11.27 1548 0.55 

14.562 0.00546 183 . 15 8.92 1635 0 .59 

7.281 0.00273 366 .30 4.92 1802 0.65 

I 

0.244 0 .00009 10989 0.252 2769 1.0 

The last mentioned value of the molecular conductivity (2769) may 
be considered as giving practically the value of the conductivity at an 
infinite dilution. This number is extremely high: for salts with 2 ions, 
ft", commonly is of the order: 140; for such with 3 ions: 250; for such 
with 4 ions: 410; for salts with 5 ions: about 560; etc. On extrapola
tion, - this being, of course, always somewhat hazardous, - for a salt 
with 6 ions, ftao would be of the order: 750; for those with 8 ions, of 
the order: 1100; for a salt with 9 ions: about 1400; for such with 10 
ions, of the order: 1600 ; while for salts with 11 ions, the value of 
ftao would be situated in the neighbourhood of 1800. Uncertain as these 
data may be, it must be clear in every case. that the number of ions 
produced here, is abnormally large. 

On my demand, professor KRUYT was kind enough to determine the 
speci[ic coagulating power of the complex cation of this new kind of 
salts, with the purpose to draw nearer conclusions ab out its valency. 
The influence of this cation, in the form of its chloride, on a colloidal 
solution of AS2S 3 , in comparison with th at of a three- and a six-valent 
cation of analogous constitution, was studied in this respect. It appeared, 
that while 100 mille-mols of the 6-valent ion we re necessary to provoke 
flocculation, here only 32 mille-mols were sufficient for the same result. 
From this the conclusion may be drawn, that without any doubt the 
valency of the new complex ion is in every case higher than six. This 
fact also may serve as an argument to corroborate the conclusion, that 
the new complex ion is really a nine-valent one; moreover, the analysis 
of the corresponding salts must eliminate all doubt whatever about the 
correct ne ss of this view. 
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Crystal-form of Hexa-ethylenediamine-Ditriaminotriethylamine-tricobaltic
sulphate: '(. C03 ((ETï~e)6) l (504)9 + 8 H 20. 

nam 2 \2 
This compound crystallizes on slow evaporation from its aqueous solutions 

A . B. 

in big. brown-red crystals with octahedral ha bit. They possess very lustrous 
facets and allow accurate measurements to be made. 

Rhombic-bipyramidal ; pseudo-tetragonal. 

a: b: c= 1.0131: 1 : 1.1277. 

Forms observed: 0 = 1111 I. large and predominant; r = 1101 1 and 
q = I 011 I. broad and lustrous ; m = 1110 I. narrower but yie1ding sharp 
reflexions. Sometimes are found also: a = 1100 I. smalI ; c = I 001 I. very 
smalI; w= 11131. smalI. but weil measurable. The aspect of the crystals 
is of ten th at of octahedra. combined with a rhombododecahedron; some
times m is absent. sometimes also a. c and ware lacking. 

AngulBc VBlues: Obsecved: CBlculBted: 

0: q = (111) : (011) =* 36° 261/ 4 

o:m = (111) : (110) =* 32 15112 
0:0 = (111) : (lil) = 73 531/2 73 • 53' 

0 : 0 = (lil) : (111) = 61 32 64 31 

0 : 0 = (111) : (1I1( = 72 53 72 52112 
o :c = (lil) : (lOl) = 36 561/2 36 561/2 
c : c = (lOl) : (lOl) = 84 4 83 52 

m : m = (IlO) : (110) = 90 46 90 45 

q : q = (011) : (011) = 96 45 96 52 

q:r = (01"1): (loT) = 63 32 63 41 
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Angular Va/ues : Observed : Ca/cu la ted : 

r: m = (lm) : (IlO) = 58 28 58 29'12 
m : q = (110) : (011) = 57 40 57 49'12 
0: 0 = (111) : (111) = 107 6'/2 107 6'12 
c:w =(001):(113)= 27 48 27 50'/2 

w : o = (113) ; (111) = 30 6'/2 29 54 

a : m = (100) : (110) = 45 33 iS 22'12 
a:r = (100) : (101) = 42 2 41 56 

r : c = (lOl) : (001) = 48 8 48 4 

No distinet cleavage was observed. 
The erystals are optically biaxial; the axial plane is obviously 10011. 

with the b~axis as lot bisseetrix. The double refraetion is positive; weak 
dispersion. with rhombic eharaeter and (! < v. The apparent axial angle 
is rather large. No appreciabie dichroism is present. 

§ 4. On evaporation at room-temperature the mother~liquor B gave 
firstly another erop of the erystals deseribed in the above; afterwards it 
beeame more and more viseous and gave some fraetions eonsisting of 
erystals. which on reerystallisation and slowevaporation of their solutions 
yielded measurable erystals of the form reprodueed in Fig. 7. 

B. 

A . Fi9·7. 

Although glvmg good images. these erystals showed a~gular values. 
which were oseillating within rather wide limits: 
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a: c= 83° 18' - 83° 43'. 

a: q= 84° 36' - 84° 58'. 

c: q= 36° 12' - 36° 27'. 

Therefore. the axial ratio of these monodinic-prismatic crystals varied 
between : 

a:b:c=0.7421: 1 :0.7371;fJ=83° 18' 

and a: b: c = 0.7415: 1 : 0.7431 ; fJ = 83° 43'. 

They give the impression of being mixed crystals with a varying con
tent of the isomorphous admixtures. Indeed. analysis taught us. that here 
very probably mixed crystals are present. principally of triethylene-diamine
cobaltic-sulphate: I Co(Eïneh 12(804h+2H20 with a small quantity of 
ditriamino-triethylamine-cobaltic-sulphate: I Co(Triamh 12(804h + 2 H 20. 
and probably also of a threefold complex ion with 6H20. Analysis gave; 
13.2°/0 Co; 35.2% (804); 17,0% N in the anhydroussubstance.while 
the hydrate contained: 3.78 % H 20. For the salts already mentioned. 
the data for the different anhydrous substances are: 

l Co(Eïne3 ~2 (SOib : ICo (Triamb!2 (SOib : fc (Eïne)6! (SO ) 
. 03 (Triam)2 49: 

15.4% Co 11.9% Co 14.03% Co 
37,6% (S04) 29.1% (SDi) 34.28% (S04) 

21.9% N 22.7% N 22.22% N 

and for 2H20: 4.5% for 2H20: 3. 5~/o for 6H20 : 4.1% 

Af ter fractional crystallisation. renewed determinations gave: 14.6°/0 Co; 
36.1 % (804); 22.0 % N; and also: 4.0 % H 20. These data are some
what doser to the composition of the first mentioned salt than the former. 
Af ter transformation of the salt into the corresponding iodide th ere. was 
found in the anhydrous salt: 60.83 % I; calculated for I Co(Eïneh I 13 : 
61.4 % I; the threefold complex salt would have given 58 % I. while for 
I Co(Triamh ! 13, only: 52 % 1 is calculated. 

From the last but one fraction of the mother-liquor also a small 
amount of a beautifully crystallized iodide was deposited. whose analysis 
gave: 2.89% H 20. while in the anhydrous substance: 61.81 % I was 
present. Here certainly no other product than 1 Co(Eine)31 13 + lH20 has 
occurred. In a iodide from the last mother-liquor. finally. we found: 3.8 °I° 
H 20 and 56.8 % I; so that in this case again undoubtedly a mixture of 
the last salt with one or more of the pther iodides must be supposed to 
have been present. 

The measurements of the crystals reproduced in Fig. 7. gave the 
following results : forms observed: a = 1100 I. predominant and highly 
lustrous ; m = 1110 I. mostly large and yielding excellent reflexes. but 
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sometimes smaller; q = 10111. very lustrous and weIl developed; c= I 0011. 
mostly small. but weIl reflecting; b = I 010 I. only narrow; w = I T 21 I . 
mostly present with only two parallel faces. but yielding excellent images. 

AngulBr VBlues: Observed: CBlculBfed: 

B: C = (100): (001) =*83° 18' - 83° 43' 

B: m = (100) : (110) =*36 231h 
c: q = (001) : (011) =* 36 121h - 36 27 

q: ". = (011) : (121) = 36 52 36° 51' 

".: m = (121) : (110) = 36 56 36 471h 
B : q = (100) ; (011) = Bi 36 - 84 58 84 36-84 57 

m ; q = (110) : (011) = 64 45 64 57 

m:q =(110);(011)= 73 48 73 38112 
m : b = (110) : (OIO) = 53 37 112 53 36112 
b: q = (010) : (011) = 53 33 53 33 

B ;". = (100) : (121) = 63 22112 63 25 

b:", = (OIO) : (121) = 42 7112 42 4 

No distinct cleavability was stated. 
On 1100 I the optical extinction is parallel and perpendicular to a : m ; 

the plane of the optica I axes is 1010 I. while on 1100 I one of the axes 
emerges at the border of the field of the microscope. 

As a control. we prepared some pure triethylenediamine~cobaltic~ 

sulphate; however this salt could not be obtained in measurable crystals. 
As a further argument in favour of the supposition of mixed crystals 
being produced in this case. also the foIlowing data may be taken into 
account. If a solution of the salt of the threefold complex ion. as it is 

) 
(Eïneh ! 

obtained in the reaction between triamino~triethylamine and Co Cl (S01) 
H 20 

+ ltH20. - is treated with an insufficient 1) quantity of Ag2S01• 

then. af ter crystallisation of the complex sulphate. crystals of apaier 
coloured compound are deposited from the viscous residual mother~liquor; 
which crystals. besides (S01)' also contain ionogenic chlorine and have 

. hl' h . . \ C (Eine)6 I CI12 0 
accordmg to t e ana ySlS. t e compos1bon: I 03 (Triamh \ 2(S01b + 10 H 2 • 

Analysis: In the anhydrous salt was found: 14.81 % Co; 18.1 Ofo Cl; 
12.5 % (S01) en 23.92 Ofo N; calculated: 14.9 Ofo Co; 17.96 Ofo Cl; 
12.140f0 (S01); 23.600f0 N. In the hydrate itself: 13.770f0Co; 16.500f0 
Cl; 11.720f0 (S01) and 6.950f0 H 20; calculated for the above formula: 
13.870f0 Co; 16.680f0 Cl; 11.300f0 (S01); and 7.05 OfoH20. 

1) It is very remarkable that these sa lts manifest such astrong tendency to form chloro
sulphBtes, if circumstances are favourable: in these salts 2/3 of the ionogenic bonds are 
substituted by halogen-atoms. 
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l C (Eïne)6! Cl12 H 0 
Crystal~form of 03 (1 riamh \ 2(S01h + 10 2 • 

SmalI. beautifully shaped. very lustrous crystals of a steep rhombo~ 

Fig.8. 

hedral habit; they always exhibit the forms R. 
rand s. and have the pal er colour of the 
luteo~salts. (Fig. 8). 

Ditrigonal~scalenohedral. 

(l=51° 10'; a;c=l :3.0114. 

All th ree kinds of facets give very sharp 
reflexes : R = 1100 1 = 11011 L strongly pre~ 
dominant; r = 1110 1 = 101121. truncating the 
polar edges of R symmetrically: s = 1211 1 = 
= 110141. smalI. but weIl developed. 

Angular va lues : Observed: 

SI : S2 = (211) : (121) = .. 69° 21' 

SI : q = (211) : (011) = 101 11 

RI : 1'1 = (100) : (110) = 56 15 

RI : R'2 = (100) : (010) = 67 30 

RI : SI = (100) : (211) = 32 56 

RI : r'3 = (100) : (mi) = 15 19 

Cl : C2 = (110) : (lOl) = 51 30 

Cl : SI = (110) : (211) = 18 12 

Cl : c' 2 = (110) : (1 01) = 82 36 

Ca lcula ted : 

101° 9213' 
56 20 

67 20 

32 53113 
15 57 

51 22 

18 39 

82 12 

No distinct cleavability could be found. 
A section perpendicular to the optical axis in convergent polarized 

light exhibits the normal axial image of an uniaxial crystal without 
circular polarisation. The optical character is negative. 

In preparing the triethylenediamine~cobaltic~sulphate from the corres~ 
ponding chloride by means of Ag2S01• the tendency to form such a 

chlorosulphate of the composition: ~ Co (Eïneh t ~Oi) + 5 H 20 mani~ 
fested itself again very clearly. 

Analysis: The hydrate contained: 11.48% H 20; calculated for 5H20 : 
11.160f0 H 20. In the anhydrous salt we found: 16.720f0Co and 19.400f0 
Cl; calculated: 16.48% Co and 19.840f0 Cl. Also this chlorosulphate 
crystallized exceedingly weIl (Fig. 9). 

Crystal~form od Co (Eïneh t ~à1) + 5 H 20. 

The substance appears in beautifuL light~brown. rhombohedral crystals. 

Ditrigonal~scalenohedral. 

(1. = 51 ° 0'; a: c = 1 : 3.0285. 
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Forms observed: R = 1100 I = pOll!. predominant; r =11101=10112 L 
narrow. but sharply reflecting; s = 1211 I 
= 110141 . weil developed and yielding good 
reflections. 

Angular values : Observed: Calculated : 

R : R = (100) : (OIO) = * 67° 151f2' 

R : r = (100) : (110) = 56 22 56° 221/ . ' 

R : s = (100) : (211) = 32 50 32 53 

s : s = (211) : (121) = 69 36 69 22 

No distinct c1eavability could be stated. 
The crystals are uniaxial. negative. without 

circular polarisation ; they are eVidently 
completely isomorphous with the chlorosul
phate of the threefold complex ion. crystal
lizing with 10 H 20. although the different 
composition is c1ear enough by the data of 
the analysis in both cases. Regarding this 
isomorphism between both kinds of crystals. 

r~iq .9 it appears highly probable. that also the 
monoclinic crystals described before. are 

really mixed crystals. which for the greater part con sist of triethylene
diamine-sulphate. If. - as from the data of analysis seems highly 

probable. - in the reaction considered in the abovealso ~ Co (Triamh ~(~~4) 
is produced. the totality of all reactions might be described by an 
equation of the form: 

l (Eïneh I 
60 Co Cl ( (S04)' 11

/ 2 H 20 + 40 N (CH2 . CH2. NH2h = 
H20 , 

l C (Eïne)6 I ( 0 0 \ C (Eïne)6 I Cll2 O · 
= 03 (Triamh \ 2 S 4)9' 8 H 2 + 1 03 (Triamh 2(S04h' 10 H 2 + 

+ 81 Co (Eïneh ! 2~às 5H20 + 81 Co (Eïneh ! 2 (S04h. 2 H 20 + 

+ 16 1 Co (Triamh (~~4)' X H 20 + (76-16 x) H 20. 

In this equation the fact of the decomposition of the diethylene
diamine-chloro-aquo-cobaltic ion is simultaneously included. It appears 
possible to con trol the exactness of this equation ; for if the original 
solution obtained is treated with Ag2S04 • all compounds present are 
transformed into the corresponding sulphates. If now all sulphate of the 
threefold complex ion is allowed to depose. and th en the salts of the 
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residual mother-liquor is precipiated in the form of iodides. the precipitate 
th us obtained must exclusively consist of ! Co (Eineh I 13' 1 H 20. because 
the corresponding salts of the ion: I Co(Triamh 1'" are so soluble. that 
they are not precipitated by any reagent. - not even by a solution of 
NaI .. According to the equation mentioned above. it should be expected. 
that the quantity of the salt of the threefold complex ion will be 0.25 
of the total weight of the original quantity of the chloro-aquo-salt used. 
while on each gram of the threefold complex salt (as sulphate). 3.83 grams 
of triethylene-diamine-cobaltic-jodide should be generated. 

In the experiment itself 6.3 grams chloro-aquo-salt were treated in the 
way described above with 1.73 grams of triaminotriethylamine (24 cm3 

of a solution) and 50 grams of water. transformed in sulphate by means 
of Ag2S04 ; th en the threefold sulphate was separated from the solution. 
and the strongly concentrated mother-Iiquor precipitated with Na/. 

The recrystallised salts were weighed separately. It was found. th at 
from 6.3 grams of the chloro-aquo-salt. 1.65 grams sulphate of the 
threefold complex ion were obtained; and from the mother-liquor 5.90 
grams of the iodide; calculated: 1.57 grams of the sulphate and 6.03 
grams of the iodide. Considering the inevitable experimental inaccuracies 
of the method. the given equation represents. therefore. in deed a fairly 
good scheme of the reaction taking place here. 

From the analytical data given in the above. it must be clear. th at 
here no compounds are present of a type to be expected. if the base 
used were tetravalent in coordinative respect. Neither sa lts of the type: 

I C (Eïneh I X 'C (7' ) I X such of the o (7") 3' or ~ 02 1 riam 3 6' nor type: 
1 nam 

I (Eïneh (Eïne) / 
Co ~ T riam-7 Co \ X 6• could ever correspond to the data of the 

numerous analyses mentioned above. The nitrogen-determinations are. 
in flrst instance. of interest in this respect. Therefore. we think it to be 
beyond any doubt. th at in the type of salts here produced. triamino
triethylamine exhibits the function of a trivalent. not of a tetravalent 
substitute in coordinative respect. 

§ 5. With the purpose of characterizing somewhat more precisely the 
derivatives of the new threefold complex ion. we have prepared a series 
of other salts. e.g.: the corresponding n itra te. chlorate. perchlorate. 
iodate. rhodanide and dithionate. By double decomposition of the sulphate 
by means of the barium-salts of the corresponding acids. most of these 
salts may be readily obtained. The rhodanide appeared too little soluble. 
as to ob ta in other crystals than only microscopically smalI. brown-red 
tables ; the iodate. on the contrary. is much too soluble and its solutions 
on slow evaporation were always transformed into a brown-red resinous 
mass. which showed no tendency at all to crystallize. The chlorate is 
also very soluble and crystallizes in thin. scarcely measurable needies. 
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The rather weil soluble nitrate. and also the perchlorate could. however. 
be obtained in big. beautiful crystals; the dithionate. which is far more 
soluble in hot water than in cold. was by slow evaporation of its 
solution finally obtained in weil measurable crystals. 

All salts were analysed : the nitrate appears to contain 4 H 20. the 
perchlorate : 6 H 20. and the dithionate. notwithstanding its spare solu~ 
bility in cold water. 18H20 . The crystal~forms of these compounds are 
in the following described in all necessary details. 

r 

IJ 

-'" 

r · 
Fig. 10. 

Angu/ar va/ues : 

a: m = (100) 

b : q = (OIO) 

m : q = (110) 

q : r = (011) 

a: r = (100) 

q:q =(011) 

c ; q=(OOI) 

b : m= (OIO) 

a: q = (100) 

a : c = (100) 

c : r = (OOI) 

From a hot. very concentrated solution 
of the salt great brown~red crystals are 
obtained. which have the shape of Fig. 10. 

Monoclinic~prismatic. 

a : b : c = 1.2327 : 1 ; 0.5582 

fi= 64° 34' 

Forms observed : a = 1100 I. b= 1010 I. 
m = 11101 and q = lOl 11. all about equally 
weil developed and yielding good reflections; 
r = f2011. smaller than q. but highly lustrous ; 
c = I 00 I I. extremely narrow. gives feebie 
images and is of ten totally absent. The habit 
is short~prismatic parallel to the c~axis. or 
somewhat elongated in the direction of the 
a~axis. 

Observed : Ca/cu/ated : 

(110) =*48° 4' 

(011) =*63 15 

(OIO) =*53 46 

(201) = 57 38 57° 4J1h' 

(20 I) = 62 19 62 12 

(011) = 53 30 53 30 

(011) = 26 50 26 45 

(110) = 41 56 41 56 

(011) = 67 35 67 35 

(001) = 64 H 64 34 

(201) = 53 25 53 14 

No distinct cleavage was observed. 
Analysis gave: 3.68 Ofo H 20; calculated: 3.75 % H 20. 
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, (Eïne)6 I 
Crystal~form of ( C03 (Triamh ~ (Cl04)9 + 6 H 20. 

From a solution of the perch 10 ra te in water big crystals are deposited 
on slow evaporation at room-temperature. which exhibit a long~prismatic. 

or rarely a tetrahedrical. habit. (Fig. 11). 
Rhombic~bipyramidal; in some cases with an 

apparent bisphenoidal development. 

a: b: c = 1.1750: 1: 0.5619. 

Itv 

P 

Forms observed : m= 11101 . r= 11011 and 
q = 10111 yield all very sharp images; p = 1120 I. 
however. is very narrow. but weil measurable; 
a = 1100 1 is scarcely visible and gives very feebie 
reflections. 

Fig. 11. 

Angular Va lues : Observed : 

m : r = (110) : (lOl) =*73° 45 1h' 
m : q=(IIO) : (OII) = *68 6 

r:q=(IOI) : (Oll) = 38 8112 
m : m = (110) ; (I I 0) = 99 12 

q:q=(OII) : (O.ll)= 58 42 

a : p = (100) ; (210) = 30 43 

p : m = (210) : (110) = 19 I 

Ca lcu la ted : 

38° 81h' 
99 12 

58 40 

30 26 

19 10 

Sometimes. moreover. a form 1140 I. although extremely narrow. was 
observed. No distinct cleavability could be found. 

The optical axial plane is 1 001 I; on m 
one of the optical axes is visible. Strongly 
dichroitic: on m for vibrations parallel to 
the c~axis yellow. for those perpendicular 
to it. orange~red . 

Analysis gave: 6.00 Ofo H 20; calculated: Ó' :m;! 
5.91 % H 20 . 

Crystal~form of I' 
\ (Eïne)6 I I C03 (Triamh 1(520 6)9 + 18H20. 

From a cold. saturated solution smalI. 
yellow~brown crystals are deposited on slow 
evaporation. which show lustrous planes. 
(Fig. 12). 

Triclinic~pinacoidal. 

a : b: c= 1.7232 : 1 : 1.0902. 

A = 108° 16'. 
B = 117° 53'. 
C= 82° 46'. 

a = 115° 7 1
//. 

fJ = 122° 34'. 
r = 71° 31

//. 

a 
" 

~ 
" " 
" 
" '. :: 
" 

~ ~ 
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Forms observed: a = 1100 I, mostly the broadest of all forms and very 
lustrous ; b = 1010 I. narrower. but. just as c = 10011. yielding very 
sharp reflections; m = 1110 I gives also very good images; p = fT 1 0 I 
and n = (ZIO I. extremely narrow and allowing only approximate measu
rements; q' = 10111. narrow. weil measurable; r = I f011 and s = fZ011. 
extremely narrow. of ten absent. 

Angular Va lues : Observed : Ca/culated: 

a : C = (100) : (OOI) = . 62° 7' 

c : b = (OOI) : (OIO) =. 71 44 

a : b = (100) : (01O( = * 97 14 

a : m = (100) : (110) =* 63 22 

b : q' = (OIO) : (011) =* 55 17 

m: b = (110) : (OIO) = 33 52 33° 52' 
q/ : c' = (Olij : (OOI) = 52 59 52 59 

b: p = (OIO): (110) = 29 30 28 13 

p : n = (110) : (210) = 16 36 16 55 

n ; a' = (210) : (100) = 36 40 37 38 

c : r = (001) : (101) = 38 5 38 27 

r : s = (101) : (201) = 31 33 31 28 

s : a = (201) : (100) = 48 15 47 58 

The crystals show no distinct cleavage. but they are very brittle. 
Analysis gave: 9.52 % H 20 and 11.74 % Co; calculated: 9.47 % H20 

and 11.45 % Co. In the anhydrous salt was found: 10.58% Co; calcu
lated: 10.35% Co. 

§ 6. In no case any indication of the generation or presence of isomeric 
salts was ever observed; eVidently each product obtained was wholly 
homogeneous. there being only salts produced of one and the same 
spatial configuration. However. it was now the question. whether these 
salts were decomposable into optical antipodes or not; and if 50. whether 
perhaps several racemic salts. - mutually isomorphous in that case. -
were giving mixed-crystals of the :shapes observed here. or wh ether 
these crystals represented really one and the same compound? In the 
first case, several optically-active compounds would possibly be found 
as final terms of the fractional crystallisation-experiments; in the latter 
case. only a single dextrogyratory and a single levogyratory antipode 
whould be met with. 

Preliminary experiments first seemed to indicate really the possibility 
of such a fission by the aid of d-tartaric acid; afterwards. however. it 
could be proved. that this was not the case. For the purpose of executing 
the fission desired. a quantity of the sulphate was first transformed into 

~ (Eïne)6 I 
the iodide: ( e03 (Triamh ~ 19' which was thoroughly purified by repeated 

crystallisation from hot water. 
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Totally 28.95 grams of the pure iodide were thus obtained and by 
means of 16 grams pure silver-d-tartrate they were transformed into an 

. d h· h . . \ C (Eïne)6 I 13 b 
zo o-tartrate. avmg t e composItIOn : ( °3 (Triamh , (Ct H" 06h . e-

cause it was shown by preliminary tentatives. that this iodo-tartrate 
amongst all had the greatest power of crystallisation. The solution was 
concentrated on the water-bath. until it became viscous (about 50 cern.) ; 
af ter 36 hours. crusts of beautifully lustrous. intergrown. brown-red crystals 
were deposited. weighing 10.75 grams. Analysis proved them to contain 
3 H 20: 3.230f0 H 20; calculated: 3.190f0 H 20. The hydrate contains: 
22.60f0 I; calculated: 22.3°/0 I. The solution appears to be dextrogyratory. 

C · I {:. { I C (Eïne)6 I 13 3 H 0 
rrsta -,orm 0 03 (Triamh d-(C"H"06h + 2· 

Beautifully developed. of ten intergrown and th en only occurring in 
rudimentary individuals. brown-red. very lustrous crystals. showing constant 
angular values. With some simple magnifkent individuals the following 
measurements we re made. 

Monoclinic-sphenoidal. 

a: b : c = 0,7226: 1 : 0.9192; 

IJ = 56° 35 1
//. 

Forms observed: a=! 1001. weIl developed and lustrous; c=!OOll. 

c 
a: 

1 . . ~ .... ""_.-_ .. ,, -,, --_ ... -_.-
a 

c 

A 

c r 

a a B. 
c' 

r' 

c 
Fig. 13. 
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large. highly lustrous. yielding ideal images. just as m=fllOl. b=IOI01. 
broad and very lustrous ; b = I 010 I. mostly narrow. sometimes broader. 
but always yielding good reflections; r = 110 1 I. rather broad and weIl 
reflecting; s = 1102 1. much narrower than r. of ten absent. weIl reflecting; 
p = 1120 I. mostly narrow. sometimes broader. a little dull; n = 1110 I. 
mostly absent. sometimes equally broad as p. yielding sharp reflections. but 
somewhat duller than m ; w = 11 1 1 I. of ten absent. narrow; 0 = I iZl I. 
broader than w . of ten absent. but yielding good images. The habit of 
the crystals is rather elongated parallel to the b-axis. or short-prismatic 
parellel to the c-axis. (Fig. 13). 

Ang/es: Observed : Ca/cu/ated : 

c : m = (OOI) : (IlO) =* 61 ° 52' 

c : r = (OOI) : (lOl) =* 74 143/ 4 

b : m = (010) : (IlO) =* 58 54 

c : a = (OOI) : (100) = 56 36 56° 351/ 4' 

a : r = (100) : \lOl) = 49 10 49 10 

a : m= (100) : (IlO) = 31 13 31 6 

a : p = (100) : (120) = 50 28 50 20213 
b : p = (010) : (120) = 39 44 39 39113 
c : s = (OOI) : (102) = 39 11 39 151/ 4 

Si r = (102) : (lOl) = 35 34 59112 
m: r = (1"10) : (lOl) = 55 56 55 57 

r : p = (lOl) : (120) = 65 19 65 20 

a : n = (100) : (110) = 31 16 31 6 

n : p = (IlO) : (120) = 19 12 19 14213 
b : 0 = (010) : (221) = 64 19 64 25 

c : w = (OOI) : (lil) = 77 10 77 71/ 1 

w : m = (lIl) : (110) = 40 58 41 03/ 4 

,c : b= (112) : (010) = 65 32 65 26 

p : s = (112) : (102) = 24 28 24 34 

c : t = (001) : (223) = 29 59 30 46 

Probably cleavable parallel to m. 
The salt is appreciably dichroitic: on 1100 I for vibrations parallel to 

the orthodiagonal. blood-red ; for those parallel to the c-axis. orange ; 
on 1010 I for the latter direction of vibration. blood-red ; for that per
pendicular to it. dark blood-red. 

On I 00 1 I the extinction occurs perpendicularly to the edge: c: a ; on 
m oblique to m: a. and on 1010 I the angle of extinctions is about 15° 
with respect to the direction of the c-axis. The optical axial plane is 
1010 I; inclined dispersion. One axis is visible on 1100 I. 

In solution this sub stance exhibits a specific rotation for sodium-light 
of + 9°.24 ; the rota tory dispersion is only small. Af ter crystallisation 
the compound appeared to be unchanged; first a small quantity of iodide 
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was separated. th en again the crystals of Fig. 13. If c and r in these 
crystals be taken as 11011 and !TOl I. with a = 1100 I. m = lllO I. b = 
I ofo I, etc .. th en the parameters may be written as: 

a: b: c=0.6064: 1 :0,4596; 

f3 = 84° 9'. 

Moreover. the forms: e = 11121 and ~ = 12231 were also found with 
some of these crystals (old coordinates); they occur only as facets. which 
are scarcely visible. 

The rotation in solution appeared to be the same as before. with only 
feebie rota tory dispersion. - no fission of the complex ion into antipodes 
eVidently having occurred here. The optical activity of the solution. 
therefore. results merely from the quantity of d-tartaric acid. which is 
present in the compound in question. Indeed. the iodide prepared from 
th is iodotartrate by precipitation by means of Nal and recrystallisation. 
appeared to be optically inactive. - its crystalform being completely 
identical with that of the racemic iodide formerly described. It became 
evident. that the apparent fission of the complex ion observed in the 
preliminary experiments needs to be explained wholly by the fis sion of the 
admixed triethylene-diamine-salt by the d-tartaric acid. which salt had 
been formed in the original reaction. Thus e.g. two slightly levogyratory 
fractions were obtained: one of them (a = -9°.20') was transformed 
into the corresponding iodide. and from its solution by slow evaporation 
flat. badly developed crystals were deposited. which appeared to be no other 

than those of the rhombic racemic iodide: ~ eOJ ~~!7ae~A 19' Predominant 

was a = 1100 I; 0 = 1111 land 0' = 1111 I are narrow and about 
equally developed; further; m = 1110 I. also narrow. The crystals were 
flat and thin. tabular forms parallel to 1100 land elongated towards 
the c-axis. Measured angles: (100) : (111) = 42° 48'; (100) : (111) = 43° 0'; 
n 11) : (111) = = 94° 23'; (100): (110) = 33° 8'; etc. The crystals were 
strongly dichroitic: on 1100 I for vibrations parallel to the c-axis yellow. 
for those perpendicular to the former. orange. The plane of the optical 
axes was 1010 I. with the a-axis as first bissectrix; the apparent axial 
angle was only smal!. 

In the same way the so-called iodo-tartrate of a = -2°.50'. appeared 
to be no other than the same rhombic-bisphenoidal racemic iodide in an 
impure state. The crystals manifested the typical hemihedral form. with 
0' = 1111 I much larger than 0 = 1111 land with predominant. large 
faces of a = 1100 I. so that they ordinarily appear as oval or lense
shaped individuals. with the forms: m = 1110 land c = 10011. very 
small and p = 1410 I. besides those already mentioned. The follow
ing angles were measured: (001): (111) = (001) : (lfl) = 61° 13'; 

(110) : (111) = (110): (111) = 28° 47'; (100) (111) = 42° 48'; (100) 
6 
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:(110)=33° 9'; (100):(410)=9° 15'; (111):(111)=94° 24'. The para
meters are. therefore: a: b : e = 0.6529 : 1 : 0.9957; the optical properties 
were the same as already described. In both cases the presence of the 
also rhombic triethylenediamine-eobaltie iodide and of free d-tartarie acid 
could. moreover. be demonstrated. As soon. however.as the pure iodotartrate 
of the threefold complex ion was used in such experiments. no indication 
of a fission could any more be found. 

Af~er all crystals of the salt were deposited and eliminated. the solu
ti on of the pure iodo-tartrate gave a mother-liquor B. which by slow 
evaporation gradua11y got more viscous; from it no or only very sm all 
crystals were deposited. but finally it was transformed into an almost 
resinous mass. This product was solved in water and then. by means of 
Na!. transformed into the iodide. By fractional crystallisation of the 
solution some fractions of this iodide were separated and investigated 
with respect to their crystal-forms. as weil as to their optical behaviour. 
It appeared that the first was identical with that of the racemic iodide; 
moreover. no appreciabie rotation of the solutions could be stated. 

Endeavours to split the complex ion by means of d-bromoeamphor
sulphonie acid neither led to any positive result. Af ter the iodide was 
transformed by means of pure si/ver-d-bromoeamphorsulphonate. a solution 
was obtained. which finally yielded a yellow-brownish resinous mass; 
this could not be obtained in a crystalline form. notwithstanding fre
quently repeated experiments. 

Finally a similar trial was made by means of the si/ver-salt of the 
optica11y active malie acid. Af ter the Ag! was removed. the solution on 
evaporation on the waterbath only gave · a homogeneous mass. from 
which. even af ter a long time. no crystals were formed. 

In no case even the slightest indication could be obtained of a possible 
inhomogeneity of the salts formed in the original reaction. It is. there
fore. highly probable. that no possibility at all of splitting the inactive 
salt occurs in this case. The only admittable explanation of this behaviour. 
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which can he given. is this. that the complex ion involved has really 

th. con6gu .. ';0", [(~: Ei".,), rx 

(see fig. 14 p. 82). 

In our opinion. it must. therefore. he considered as a derivative of a 

".ns-compound ol th. co",titu';on, lco (á~' ! X, 0' I Co (E~:), I X. 

Evidently. there must have occurred a shift of the ethylel!ediamine~ 

molecules into their new positions during the reaction. In connection 
with this conclusion. it is of interest to remark here. that al ready in 
many reactions of this kind. such a shift of the suhstituents round the 
central atom of the metal has heen ohserved. I) 

Por in stance : cis~Diaquo~diethylenediamine~cobaltic~chloride. on heing 
heaten with strong hydrochloric acid. appears to yield exclusively the 
corresponding trans~derivative; in the same way. cis~Rhodanato~diethylene~ 
diamine~cobaltic~chloride gives much more of the trans~. than of the 
expected cis~derivative; etc. Also in this case the transition of the one 
class of compounds into the other need therefore not he considered 
altogether ahnormal. 
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