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ABSTRACT. The emissions of Alkali Cyanides X irradiated at low temperature 

were measured. In addition to the molecular (Frenkel Type) exciton emissions, 

another emitting centre was found and tentatively assigned to a charge 

transfer self trapped exciton. The nature of the molecular exciton emitting 

state is discussed./ 

RESUMO. Foram medidas as emissões de cianetos alcelinos i:radiados com 

radiação X a baixa temperatura. Além das emissões associadas a excitons 

moleculares (Frenkel) um outro centro emissor foi encontrado e tentativamente 

identificado como um exciton de transferência de carga auto capturado; A 

natureza dos estados do exciton molecular é também discutida. 
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1. INTRODUCTION 

The properties of excitons in condensed mater received 

considerable interest o"<*r many decades. These electronic 

excitations are related to many important physical processes 

such as optical absorption and emission , energy 

transfer(3)i4) self trapping and defect formation*5*(6)(7)etc. 

Excitons in covalent crystals are usually treated in the Wannier 

model whereas in molecular crystals they are theoretically 

treated in the Frenkel model, and a Davydov splitting is expected 

(4) 
whenever there is more than one molecule per unit cell . On the 

other hand, excitons in ionic crystals such as alkali halides are 

treated in the intermediate case where the electronic charge is 

transfered from a halide ion to the neighbouring alkali ions, 

(4) being in a certain sense a Wannier exciton of very small radius . 

In this work we are concerned with the excitonic 

emissions of alkali cyanides crystals. Due to the strong molecular 

character of the CN~ ions these crystals at high temperatures 

are best described as "pseudo alkali halides" in which the CN~ 

molecular ions are rotating or reorienting rapidly, with their 

center of mass located at an anion position of a cubic NaCl type 

(8) 
lattice . Hence, alkali cyanides present many properties which 

are characteristic of an alkali halide crystal e.g. they are 

transparent to visible and near UV radiations, cleave in (100) 

planes and can be coloured by X radiation or by additive 

colouration giving an F band which follows fairly well the Mollwo-

-Ivey law for the alkali halides(9){10). 

The molecular character of the CN~ ions gives rise to 

many interesting properties which are not found in alkali halides 
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crystals. The cyanide crystals present optical absorption bands 

in the near infrared, due to the optically active stretching 

vibration of the molecule and their phonon spectrum differs 

from the alkali halides ôue to the incorporation of the rotational 

(12) degrees of freedom of the molecular ion . Furthermore, in 

addition to the charge transfer exciton absorption bands found 

in alkali halides, cyanide crystals should present absorption 

bands associated to vibronic Davydov type excitons. The 

reflectivity spectra of KCN between 4 k and room temperature 

indeed showed such absorption and resolved Davydov splitting at 

low temperatures . Confirming the strong molecular character 

of the CN ions the energy of these electronic transitions are 

quite similar to the ones found for CN~ impurity centres in 

alkali halides(14). 

Alkali cyanides present, in addition to the optical 

absorption bands within the gap, many other properties related 

to the molecular character of the CN~ ions. The two phase 

transitions, respectively of ferroelastic ' and 

antiferrcelectric 6' nature which occur below room temperature 

are clear examples of such anomalous behaviour of this pseudo 

alkali halide system. The structural phase transition changes 

the crystal symmetry from cubic (0.5) to orthorhombic (D2h
r55 

symmetry leaving the original single crystal in a multidomain 

(17) 
structure * . 

In this work we measured the emission spectra of 

alkali cyanides under X irradiation between 1.5 K and 77 Kj. The 

high purity single crystals were grown at the Crystal Growth 

Laboratory of the University of Utah. They were irradiated with 
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a Tungsten target X ray tube operating with voltages up to 

150 KV and currents between 10 mA and 30 mA. The emission spectra 

were analysed either with a Bausch & Lomb or with a Janell-Ash 

1/4 m grating raonochomators and detected with an EMI 0558 QB 

photomultiplier. 

2. MOLECULAR EXCITONS 

A typical X-ray luminescence spectrum of an alkali-

cyanide at 4.2 K is the emission spectrum of RbCN shown in fig 1. 

The series of narrow bands (bandwidth ~50 mev) is associated to 

the transition from a molecular exciton state to vibronic states 

of the CN ion in its electronic ground state. The shape of the 

two emission bands of greatest intensity are shown in fig 2, for 

RbCN at 4.2 K. The spectra of the other alkali cyanides are 

similar, with smaller intensity in KCN and still smaller in 

NaCN, shown in fig 3. We describe the vibronic states of the 

CN~ ion in its electronic ground state by a Morse Potentitii: 

V(x) = D(e"20X - 2 e"3X) (1) 

where x is the deviation of the internuclear distance from its 

equilibrium value, D is the vibrational dissociation energy and 

3 is the shape parameter. For the excited state we have the 

same kind of potential well, with the electronic energy E added 

and different dissociation energy and shape parameter D' and p*. 

If n and n' are the vibrational quantum numbers of the electronic 

ground and excited states respectively, the emission bands are 

generated by the transition from the n' = 0 state to the 
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vibrational levels n of the electronic ground state. The 

corresponding energies will be given by 

E n « E • 1/2 fcu» - hu!<n + 1/2) - Çh,(n + 1/2) 2 (2) 

where 1/2 hw' is the zero point energy of the molecular 

exciton state, htu is the vibrational energy of the electronic 

ground state and the anharmonic parameter $ is given by 

h 0), 
<-T i f (3) 

From eq 2 it follows that the energy spacing between 

adjacent bands should have a linear dependence on the vibrational 

quantum number n. The fit of eq 2 to the experimental data is 

quite reasonable as shown in fig 4. The parameters describing 

the electronic ground state as measured from the UV molecular 

exciton emissions are shown in table I, together with the 

parameters of the electronic ground state of CN impurity 

centres in NaBr obtained from the luminescence maxima of the 

(14) •*• 

centre . Since the zero point energy 1/2 hu>' is unknown for 

the excited state we displayed the energy E of the first 

emission peak which incorporate the difference between the 

zero point energies of the electronic ground and excited states. 

The predictions of the Morse potential for the 

infrared transitions of the CN~ in its electronic ground state 

are shown in table II, compared to the experimental results 
(18) 

found from IR absorption measurements . The agreement is 

surprisingly good for KCN, but less good for the other two a lka l i 
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cyanides. To understand this discrepancy we must invoke the 

lattice relaxation around the CN~ ion and the Frank Condon 

principle. 

When the molecule is promoted to the excited state 

(molecular exciton state) its interaction with the surrounding 

ions is changed and there is seme relaxation of the lattice around 

the molecular exciton. This relaxation gives rise to a Stokes 

shift between the lowest energy absorption band and the highest 

energy emission band, which are transitions involving no change 

of the vibrational quantum number. A Stokes Shift of 0,175 mev 

was indeed observed in the absorption and emission of CN~ 

(14) impurities in NaBr . Therefore the Morse potential parameters 

obtained from the emission bands are related to the CN~ ions in 

their electronic ground state with the neighbouring ions in off 

equilibrium positions, whereas the infrared data come out from 

CN~ with surrounding ions in equilibrium sites. Hence, the data 

in table II indicate that the lattice relaxation around the 

molecular exciton is smaller in KCN than it is in RbCN or NaCN. 

(13) The comparison between the reflectivity data of KCN ', 

the absorption and emission data of CN~ impurity in Alkali 

(14) 
Halides and our emission data in alkali cyanides, raises 

some questions about the nature of the states involved in each 

process. The electronic configuration of the CN ion in its ground 

.tat. i.(14> 

Xll+l(lc >2<lo + ) 2 (2«.)M2«.V (2». „)* (20 )2 <2»* „)« 

The electronic configuration of the first excited states is 

achieved by the promotion of one electron of the {2a ) orbital 
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to one òf the (2* ) orbitais, giving rise to singlet A*n or 
*»y 

triplet a3n states. The X1! •* kln transition, allowed for a 

heteropolar molecule, is assigned to the optical absorption 

bands observed for CN impurity in Alkali Chlorides.All these 

transitions occur at very similar energies, indicating that the 

CN~ molecular ions are weakly coupled to the lattice either in 

Alkali Chlorides or in cyanides. However, the peak positions and 

small oscila tor strenghts of the absorption bands of CN~ impurity 

in NaBr does not fit into the same scheme, the transition being 

probably a X1!* - a*n ( 1 4 ). 

Although the molecular excite absorption in KCN may 

be well explained by a*X1£ •*• A1!! the assignment of the observed 

emission bands as arising from the A1n state would lead to a 

Stokes shift of the order of 1,5 eV. This unusually large shift 

to lower energies is in contradition with the weak coupling to 

the lattice and resolved vibronic structure in the emission. 

Furthermore, the similarity between the emission bai.ds observed 

in NaBr and the ones observed in cyanides indicates that these 

emissions arise from the same state, possibly the a^n state. 

So far, the mechanism by which this state would be attained in 

alkali cyanides under X irradiation and the nature of the 

interaction which would partially allow the spin forbidden 

a3Ji •* XlZ transition are still unknown. Nevertheless long decay 

times are expected if this spin forbidden transition in indeed 

assigned to the emission bands of the .molecular exciton in 

alkali cyanides. 

Searching for a corresponding weak absorption band in 

the absorption spectrum we measured the room- temperatures,optical 
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absorption of freshly cleaved high purity KCN samples under 

inert gas atmosfere, and indeed found three humps on the tail 

of the first great absorption band at 6.9 eV. The first of these 

bands, peaking at 5,611 eV is the only well resolved band and 

would give a Stokes shift of 0,107 eV for the n'=0 ->- n=0 

emission band which is quite reasonable if compared to the one 

— (14) observed in NaBr:CN . However, the absorption cross section 

is still much smaller than the corresponding one in NaBr:CN~ so 

that the assigment of these bands to the spin forbidden 

Xlz * a3ji transition is still doubtful and depends on the 

understanding of the mechanisms by which these transition would 

be observed in NaBr:CN . 

3. CHARGE TRANSFER EXCITONS 

The molecular excitons emission is not the only one 

which is observed in X irradiated alkali cyanides. The luminescence 

spectrum of alkali cyanides shows also a very weak and broad band 

in the blue region of the spectrum. Part of this band in RbCN can 

be recognized in the insert of fig 1. This broad emission is 

stable up to 77 K, whereas the molecular exciton emission) disappear 

near 30 X, so that the determination of peak positions and 

bandwidths are easily made at 77 K. The results are presented in 

table III, compared to self trapped exciton emissions in alkali 

Chloridesi2). 

The trapping of a hole in a pair of neighbours C!*~ 

ions was first observed by electron spin resonance of y 

- (19) 
irradiated CN doped KCL and Alkali Cyanides' '. In these 
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last crystals the (CNJj radical is the analogous of the self 

trapped hole (V centre) in alkali halides, and were found to 

have greater thermal stability than V. centres in KC1. The 

electron-hole recombination involving such a self trapped hole 

gives rise to the self trapped exciton luminescence in alkali 

halides , and a similar effect is expected in the (CN)2 + 

electron recombinations. Therefore, the wide emission bands 

presented in table III may be assigned to the self trapping of 

charge transfer excitons followed by radiative electron-hole 

recombination. The bandwidths and stokes shifts of the emission 

in cyanides are comparable to those observed in alkali hali£»s 

but the peak positions.follow different schemes, specially 

NaCN which should present the highest energy emission among the three 

cyanide crystals. Although the relative intensity of these bands 

and the molecular exciton emissions are nearly constant for all 

crystals, our assignment of these emissions to self trapped 

excitons is only tentative, and more careful experiments should 

be done in order to make a definite identification. 

4. CONCLUSIONS 

The emission of alkali cyanide crystals X-irradiated 

•t low temperature were studied, and molecular exciton (Frenkel 

type) emissions were definitely identified. Although, the nature 

of the emitting state (singlet or triplet) is still unknown, the 

comparison with optical absorption data seem to indicate that the 

molecular exciton emission comes out from a triplet state. In 

addition to the molecular exciton emission bands, other emissions 
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*»ere observed, and attributed to a different nature emitting 

centre, possibly a self trapped exciton. 
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TABLE CAPTIONS 

TABLE I - Morse Potential parameters for the CN ion in the 

electronic ground state. Results for the CN~ impurity 

in NaBr were taken from ref 14. 

TABLE II- Fundamental infrared transition and first two overtones 

(18) as measured by infrared absorption and calculated 

from the Morse Potential parameter shown in table I. 

TABLE III- Energy and bandwiths of the weak emission bands in 

alkali cyanides and the self trapped exciton emission 

data<2>. 



FIGURE CAPTIONS 

Figure 1 - X ray excited emission of RbCN at 4,2 K. 

Figure 2 - Shape of the emission bands in RbCN at 4.2 K. 

Figure 3 - X ray excited emission of NaCN at 4.2 K. 

Figure 4 - Difference Ae between adjacent emission bands 

(see fig 1) as a function of the vibrational 

quantum number n of the vibronic ground state of 

CN~ ions. Straight lines are best fits to Morse 

Potential energies. 



TABLE I 

Na CN 

K CN 

Rb CN 

*NaBr:CN~ 

D(eV) 

9 ± 2 

13 ± 2 

11 ± 2 

12 ± 1,5 

BÍA"1) 

2,5 ± 0,3 

2,0 ± 0,2 

2,2 ± 0,2 

2,15 ± 0,1 

"Ku (eV) 

0.272 ± 0.004 

0.259 ± 0.004 

0.265 i 0.004 

-

Ç x 1 0 3 

7,6 ± 1,0 

5,0 ± 1,0 

6,0 ± 1,0 

-

E <eV) o 

5.523 

5.504 

5.521 

5.818 



TABLE I I 

NaCN 

KCN 

RbCN 

Infrared Transition (eV) 

Fund. 

0.259 

0.257 

0.257 

l ^ h . 

0 .515 

0.512 

0 .511 

2 ^ nan 

0.768 

0.764 

0 .762 

Norse 

Fund. 

0 .268 

0.257 

0.262 

Fotentia] 

l ^ h . 

0 .532 

0 .511 

0 .520 

L (eV) 

2 2 * h . 

0 .791 

0.763 

0.776 



TABLE I I I 

Na 

K 

Kb 

Chlor 

E (eV) 

3.38 

2.32 

2.27 

ides 

Ae (eV) 

0.7 

0.6 

0.3 

Cyan 

E (eV) 

2.88 

2.97 

2.78 

ides 

AE. (eV) 

0.4 

0.35 

0.30 
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