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Ternary systems of potassium thiocyanate,
formate and halides
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By employing a visual method, solid-liquid equilibria
were studied for various mixtures in order to draw maps
of ternary systems formed with potassium thiocyanate,
formate and halides. Within the accessible portion of each
system, three crystallization regions and one ternary
eutectic were identified. Areas of crystallization regions are
considered in their relation to the radius of the halogen ions.

In the present paper we report on the topology of the
liquidus area in the ternary systems K (CNS, HCOO, Cl),
K (CNS, HCOO, Br) and K(CNS, HCOO, I). KCNS Merck,
HCOOK, KCl, KBr and KI Carlo Erba were used. Potas-
sium thiocyanate was recrystallized before use and all salts
were carefully dried.

A visual method lwas adopted to take the solid-liquid
equilibrium temperatures. The melting point of HCOOK
is 168.7°C, that of KCNS 176.0°C in complete agreement
with preceding results23.

Results and discussion

Former researchers have already referred to the binary
systems concerning the sides of the triangles4.

In the case of the ternary system K(CNS, HCOO, Cl)
eleven internal cuts were carried out, for the system
K (CNS, HCOO, Br) ten, and for the system K (CNS, HCOO,
I) twelve. The results are shown in Tab. 1, 2 and 3, re-
spectively, while the characteristic projection points, evi-
dent along each cut, are shown in Fig. 1, 2 and 3. The
collected data were employed to draw the map of the liquidus
area for the three systems reproduced respectively in Fig. 1,
2 and 3.
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Cut Composition of the Added Character-
starting mixture comp- istic points
(in mole) onent
(ac) Zac t(°C)
KCNS+HCOOK 837 :1  KCl 0.028 157
I KCNS+HCOOK  3.00 :1 0.025 133
III KCNS+HCOOK 1.50 : 1 0.019 106
IV KCNS+HCOOK 1.00 :1 0.015 85
V  KCNS+HCOOK 0.85 :1 0.014  79.5
VI KCNS+HCOOK  0.665: 1 0.016 89
VII KCNS+HCOOK  0.485:1 0.020 105
VIII KCNS+HCOOK  0.33 :1 0.0245 121
IX KCNS+HCOOK  0.20 :1 0.029 138
X HCOOK-+KCl 52.59 :1  KCNS 0.442 76.5
XI HCOOK+KCI 122.80 : 1 0.449 77

Table 1. Cuts in the system K (CNS, HCOO, Cl).

Composition of the Added Character-

Cut starting mixture comp- istic points
(in mole) onent

(ac) xac t(°C)
I KCNS+KCI 19.00:1 HCOOK 0.545 75
1I KCNS+HCOOK 8.30:1 KI 0.059 152.5
IIT  KCNS+HCOOK 3.00:1 0.052 130.5
IV. KCNS+HCOOK 1.50:1 0.044 105
\% KCNS+HCOOK  1.00:1 0.0385 86
VI KCNS+HCOOK 0.85:1 0.038  75.5
VII KCNS+HCOOK 0.66:1 0.040 84
VIII KCNS+HCOOK 0.56:1 0.044 91
IX KCNS+HCOOK 0.33:1 0.0545 117
X KCNS+HCOOK 0.01:1 0.0765 145
XI HCOOK+KI 17.18:1 KCNS 0420 74
XII HCOOK+KI 36.50:1 0440 75

Table 3. Cuts in the system K (CNS, HCOO, I).

Cut Composition of the starting mixture Added Characteristic points
(in mole) component
(ac) Tac t(°C) Zac t(°C)
I KCNS + KBr 85.955: 1 HCOOK 0.545 77
1I KCNS + HCOOK 899 :1 KBr 0.040 155
III KCNS + HCOOK 3.25 :1 0.032 134.5
v KCNS + HCOOK 1.93 :1 0.029 116.5
\% KCNS + HCOOK 1.00 :1 0.023 87.5
VI KCNS + HCOOK 0.80 :1 0.0145 76 0.019 7.5
VII KCNS + HCOOK 0.64 :1 0.023 90
VIII KCNS + HCOOK 043 :1 0.0275 109.5
IX KCNS + HCOOK 0.16 : 1 0.041 140
X HCOOK + KBr 32.835: 1 KCNS 0.438 76

Table 2. Cuts in the system K (CNS, HCOO, Br).
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Fig. 2

Two regions of crystallization were indicated: that of the
thiocyanate and that of potassium formate. The region
concerning the potassium halides was observed up to 250°C
approx., since the salts which stabilize at lower temper-
atures showed unsatisfactory stability at higher temper-
atures. Therefore the area observed is about 1/20-th of the
total area of the triangle for the K (CNS, HCOO, Cl) system,
1/10-th for the K (CNS, HCOO, Br) system, and 1/6-th for
the K(CNS, HCOO, I) system. In the area observed there
is only one invariant point, which shows itself to be a ter-
nary eutectic; in fact this point is defined by the three
eutectic valleys a—b, b—d, c—d. The position of the
invariant point was determined by the crosspoint of the
projections of the three eutectic valleys on two sides.
Following this the fusion temperature of the said point d
was confirmed, by preparing a mixture of the same compo-
sition. The data of the ternary eutectics are reported in
Tab. 4.

NOTIZEN

|
85 H

Fig. 3

COOK

Fig. 1, 2 and 3. Cuts studied in the systems K (CNS, HCOO,
Cl), K(CNS, HCOO, Br) and K(CNS, HCOO, I) (upper
portion of the picture), and map of the liquidus area (lower
portion). In order to make details more evident, the two
sides are magnified three times in respect to the base.
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Fig. 4. Dependence of the areas of the crystallization regions
upon rx —.

System Eutectic compositions Temp.
Xkens  Xmcoox  tm (°C)
K (CNS, HCOO, C1) 0.435 0.550 76.0
K (CNS, HCOO, Br) 0.428 0.552 75.0
K (CNS, HCOO, I) 0.416 0.5475 73.5

Table 4. Coordinates of the invariant point d.
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System Crystallization % liquidus

region area

K (CNS, HCOO, CI) (1) 2.44
3) 2.23

K (CNS, HCOO, Br) (1) 3.41
(3) 3.02

K (CNS, HCOO, I) (1) 5.49
3) 5.17

Table 5. Areas of the two crystallization regions (in °/, of
the totalli quidus area).

Excimeren-Fluoreszenz
beim 4 H-Benzo[def]carbazol und seiner
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Excimeren-Fluoreszenz! ist bei heterocyclischen Sy-
stemen bisher nur in wenigen Fillen beobachtet wor-
den: bei Aryl-Derivaten des Oxazols und Oxadiazols 2,
beim 4-Aza-pyren3 und intramolekular beim 1.3-Bis-
carbazolyl-propan 4. Eine neuerliche Untersuchung der
Fluoreszenzeigenschaften von 4 H-Benzo[def]carbazol
(I) ergab, daB auch diese Verbindung unter geeigneten
Bedingungen Excimeren-Fluoreszenz zeigt.

(Y= (Y)
N B
L i
N
I, R=H
II, R=—COCHg, IIT

Abb. 1 gibt die Fluoreszenzspektren von I in Toluol
(Raumtemperatur) bei verschiedenen Konzentrationen.
Gegeniiber der verdiinnten Losung (Kurve 1) beobach-
tet man in der m/50-Losung (Kurve 2) eine Intensitts-
zunahme im langwelligen Teil des Spektrums. In der
m/20-Losung (Kurve 3) ist eine neue breite Bande bei
23 000 cm ™1 deutlich zu erkennen.

Sonderdruckanforderungen an Dr. M. ZANDER, Riitgers-
werke AG, D-4620 Castrop-Rauxel.

1 TH. FORSTER, Angew. Chem. 81, 364 [1969].

2 1. B. BERLMAN, J. Chem. Phys. 34, 1083 [1961]. — H.Lawmi,
J. GRESSET u. G. LAUSTRIAT, Proc. Intern. Symp. Lumines-
cence, S. 190, Verlag Karl Thiemig, Miinchen 1966. —
H. Lamr u. G. LAUSTRIAT, J. Chem. Phys. 48, 1832 [1968].

1521

The areas a(1) and a(3) (expressed in percentages of the
total area of the triangle) are reported in Tab. 5. The
crystallization areas do not show a linear dependence on
the radius® of the halogen ions (see Fig. 4) as was seen
in other groups of systems®.
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Die Anderung des Fluoreszenzspektrums von I in Ab-
hingigkeit von der Konzentration ist nicht mit einer
Anderung des Absorptionsspektrums verbunden. Die
langwellige Fluoreszenzbande, die man in konzentrier-
ten Losungen von 4 H-Benzo[def]carbazol beobachtet,
muBl demnach als Excimeren-Fluoreszenz angesehen
werden.

Das Verhiltnis der Intensitit von Monomeren- zu
Excimeren-Fluoreszenz von I ist von der Temperatur
abhiingig. Bei ca. 80° (Toluol) ist auch in der m/20-
Losung keine Excimeren-Fluoreszenz zu beobachten.
Bei Raumtemperatur tritt sie deutlich auf (Abb. 1), um
beim Ubergang auf —65° (Zunahme der Viskositit
des Losungsmittels) wieder an Intensitdt zu verlieren.
In fester Losung (m/20, EPA) bei —196° ist erwar-
tungsgemidB keine Excimeren-Fluoreszenz feststellbar.

4 H-Benzo[def] carbazol ist ein Carbazol-Analogon
des Pyrens (III). Ein Unterschied im Fluoreszenzver-
halten von I und III besteht in der Energiedifferenz
zwischen Monomeren- und Excimeren-Fluoreszenz. Sie
betrdgt bei I 4800 cm™?! und ist damit deutlich kleiner
als beim Pyren (ca. 6000 cm™!) und den meisten iibri-
gen in dieser Hinsicht bisher untersuchten Verbindun-
gen. Da sich die Absorptionsbanden im wenig struktu-
rierten UV-Spektrum von I nicht eindeutig klassifizie-
ren lassen, ist schwer zu entscheiden, ob die verringerte
Monomer-Dimer-Differenz vorwiegend auf eine gegen-
iiber Pyren kleinere Aufspaltung des L,-Terms (para-
Bande) im Excimeren zuriickgefiihrt werden muf}. Letz-
teres wiirde auf einen unterschiedlichen Gleichgewichts-
abstand der Molekiilebenen in den beiden Excimeren
hinweisen 5.

Ein weiterer Unterschied im Fluoreszenzverhalten
von 4 H-Benzo[def]carbazol (I) und Pyren (III) be-
steht darin, daB I — im Gegensatz zu III — in kon-
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