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THE INFRARED ABSORPTION OF 

SOME HYDR.AZmE DIBALIDES 

INTRODUCTION 

Thie 1nveetigation 1• concerned with the two hydra

zine dihalides: hydrazine d1tluoride and h.,ydrazine 

dichloride. The intrared spectrum ot these two compounds 

1n the region 4000•600 cm·l is obtained experimentally. 

This spectrum is then examined 1n order to interpret its 

principal features. The fundamentals are identified and 

assigned to the vibrational mode produ.cing them. Some of 

the other peaks are associated with combination bands. 

The ettect ot the crystalline environment or the molecule 

upon its vibrational frequencies is noted, especially the 

characteristics caused by h,Ydrogen bonding. 

Some work has prev1Qusly been done on the infrared 

absorption ot hydrazine monoohloride and hydrazine mono• 

bro.mide (2, pp.24)6•24)9). The aymraetry ot the m.onoha... 

lide is considerably lower than that for the dihalide so 

that the spectrum ot the tormsr is more complicated in 

that all fifteen fundamentals are active 1n the intra

red. Ten fundamentals were tentatively assigned. Some 

features caused by hydrogen bonding were the same as 

those observed in the work here on the dihalides. 

The crystal structure of hydrazine dichloride and 
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difluoride has been investigated using x•ray techniques 

(3, pp.ll5-ll9; 11, pp.)09-317). The results are 

summarized below: 

Space group 

Unit cell oubio rhombohedral 

D1Jaensions ot 
unit cell : S.4)Aa0 

a: : )8°10' 

Molecules per
unit cell 

N-N distance 

N-H •••X distance ).lOA 

N-N-H angle 100° 

In both crystals, the hydrogens apparently occupy 

staggered rather than eclipsed positions when viewed along 

the NN axis. 

The d1tluoride was found from a pyroelectric 

experiment to have a center ot symmetry (11 1 p.)lO). The 

hydrazinium tons form linear hydrogen bonds to fluoride 

ions at the corners ot an elongated octahedron. Such 

fluoride ion torms three hydrogen bonds to different 

hydrazinium. ions (See tigure l). The structure is thus 

composed ot parallel layers ot two dimensional networks 



Figure 1 Figure 2 

Crystal Structure of NzR Crystal Structure of N H6c16
F2 2 2 
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ot N-B•F bonds. This e:x,plains the oleavag$ planes paral

lel to the hexagonal taces. 

The dichloride is the less symmetrical of the two, 

having :four .molecules per unit cell ordered in somewhat 

the .manner or CaF2• Each chloride ion forma hydrogen 

bond with three nitrogen atoms, the structure consisting 

of a three dimensional network of N-H-Cl bonds (See figure 

2). The difference in the structure ot the two crystals 

is probably a result of the greater coordinating ability 

of the chloride ion 1n co.llij)e.rison to the fluoride 1ort. 

EIPERIUENTAL METHODS 

The spectra were obtained using a Perkin-Elmer 

model 12-c spectrometer. The final absorption curves 

tor a sample mWJt represent the percent transmission ot 

the incident light. Since the intensity of' the incident 

light is a function of wavelength, varying roughly as 

for black body radiation. the absorption curve is the 

ratio of two curves: the spectrum for the sample and 

the spectrum run under identical conditions except 

without the sample. Then the absorption curve is plotted 

point b1 point through the wavelength range. 

A more convenient way to obtain an absorption 

curTe is to divide the incident beam of light into two 

parts, one-half of which goes through the sample and 
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\he other half through the blank. The ratio of the in

tensities ot the resulting signal being the absorption 

due to the sample. This double beam recording was used 

when the sa.rqple was in the form ot ~ emulsion. Howeyer 

for sublimation in a cooled cell this procedure is not 

possible at present, so that the former method had to be 

used. Several prisms were used depending on the region 

ot the spectrum to be covered. The regions ot best 

resolution tor the various prisms are (tn om-1 ): XBr. 

400•1000; NaCl, 700•2000; L1F, 1700-4000. 

Preparation of !alt~ 

N2J:I6P2and Ntf6Cl2 ware both pr•.pared by oomb1ning 

sto1cl\1ometr1o amounts ot Mathieson's techDioal hydrazine 

monohydrate together with c.p. hydrofluoric acid tor the 

tormer and c.p. hydrochloric aoid tor the latter. The 

Nif!6F2 was recrystallized trom water. It was necessary 

to recrystallize the dichloride trom a soluti·on made 

acidic with BOl 1n order to prevent. the tor.mation of the 

monoohloride. 

Deuterat1on ot sample 

The deuterated salts N D6:r2 and N2P6Cl2 were pre2
pared by dissolving about 10 mg. of the dry salt in 1 ml 

ot n2o and a~lowing evaporation over P2o5• The exchange 
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should take place very rapidly s1noe the hydrogens are 

readily replaceable. Evaporation was carried out in a 

vacuum desiccator with the pressure approximately 4 om. 

The process was repeated four or five times to insure fair

ly complete deuteration (>9~). It the deuterated sample 

is exposed to air there is a rapid exchange with water 

Yapor. To minimize this efteot the last stages of deuter

ation and final preparation ot samples were carried out 

1n a dry box. 

lor the dichloride there is the possibility ot the 

formation or the monoohloride during the crystallization 

from D2o. That the amount formed was negligible was con

firmed by comparing the spectrum tor the dichloride with 

that tor the monochloride and noting their dissimilarity. 

Crystals 

Si:ngle crystals of Nif16F2 were grown by slow 

evaporation frOJn a saturated aqueous solution. Crystals 

suitable for spectroscopic examination should be very 

thin (<100 llliorons) 1n order to permit any transmission 

of infrared light at all. It was tound that the best 

way to grow thin crystals was to cause them to form on 

the surface of the saturated solutions. This was found 

to be very difficult and few were obtained 1n this 



manne~~ The larger hexagonal crystals could be grown 

qu1te easily. These crystals have good cleavage planes 

perpendicular to the direction of the 1m bond, so that 

fairly thin plates could be obtained. These were then 

ground further with abrasive papers and finally thinned 

· 4own by dissolving them away by treating with an almost 

saturated solution of the salt. 

Emulsion 

Preparation ot samples in the form of an emulsion 

is confined to the dichloride, since the difluoride will 

react w1th the rock salt windows at ordinary temperatures. 

The emulsion was prepared by grinding the sample between 

a ground glass plate and a rock salt window surface which 

had been roughened on emory paper . When the sample had 

been ground to a tine powder, a drop ot the emulsifying 

agent was added. The mixture was worked smooth on the 

ground e;lass plate and finally sandwiched between two 

rook salt windows. It is important to grind the sample 

su:t'tloiently so that there is not serious scattering as 

is the case when the particle size is of the order ot 

the wavelength of. the light. Two emulsifying agents were 

used where absorption regions are complimentary. For the 

eydrogen stretching region pertluorokerosene is suitable. 

However, below 1)00 om-1 it is strongly absorbent. Nujol 
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was used tor the lower region. Emulsions or the deuter

ated compound were prepared in the same manner except 

that the grinding was done in a dry box. It was found 

that there is practically no hydrogen deuterium exchange 

between the sample and the hydrocarbon emulsifying agent. 

Sublimation 

The subl1ma.tion /Jl8tllod of preparing thin t'il.lr&S as 

round suitable tor the difluoride• This method consists 

1n subliming the sample onto an alkali halide window 

which is maintained at a low temperature • The type ot 

cell used is shown in figure ) • The outside windows are 

rook salt. They ~· seated using Apiezon-~ wax which is 

suitable to pressures of the order or 10-; mm. The cell 

1s connected to a vacuum line through the side arm. The 

window holder is copper and is attached to the cold finger 

by means of a housekeeper seal. Good ther~l contact 

between the window and window holder is necessary to 

prevent a temperature gradient between the two .and conse

quent resubli.mation trom the window. This was acoo.mpl1sh

ed by allowing a suttioient area or contact, by using a 

little Apiezon-N grease between the two, and by using 

thin windows. Silver ohlorid·e windows ere found 

especially suitable because of their thinness and plastic 

character. During the sublimation the inner window is 
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turned toward the sample ar.m. Atter sublimation is 

completed, the inner part of' the cell is turned a quarter 

ot a revolution so that the window now faces the incident 

light. Because of the possible reaction of the difluoride 

with glass it was necessary to line the inside of the 

sample arm w1th platin~. Some difficulty was encountered 

in subliming the deuterated difluoride so that it was 

found necessary to install a heater in the sample arm. 

This consisted of a few turns of resistance wire supplied 

with current from a variac. 'l'he temperature of the sample 

holder was calibrated as a function of the voltage so 

that the temperature of the sample could be known during 

a sublimation. When heating was necessary, temperatures 

60-80° c were found suttio1ent. In the cold finger was 

placed either liquid nitrogen or acetone-dry ice mixture 

depending on the temperature desired. 

It is .desirable to be able to estimate the thick· 

ness of the sublimed films. For thicker filmS this can 

be done directly by the use of a microscope to locate 

the bottom and surface of the film and measuring the 

difterence • 

Another method was suggested by the formation of 

circular interference fringes on the sample window. It 

these fringes really represent a piling np of the sample 

on the sample window, then counting the number of fringe 
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~1ngs of one certain color should give an estimate of the 

thickness of the film. It is given by 

n ).. 
t : . a1£ N 

nse.m;ple -nair 

where ~ 1s the wavelength of the color observed, n is the 

refraotive index, and N is the number of fringes of the 

chosen color. 

THEORY 

A .molecule may be thought of in a classical sense 

as a configuration ot mass points, the nuclei ot the 

ato~, which. are bound together in an equilibrium. state 

by restoring forces, The classical concept of independent 

normal modes of vibration applies, the number ot such 

modes being )N-6 where N is the number ot atoms in the 

molecule. For small oscillations these restoring forces, 

which arise fro.m. the electrons surrounding each nucleus, 

can be taken ae linear, thus .making it possible to 

express the potential and kinetic energy of the molecule 

as a quadratic function of the coordinates of the system. 

Interaction ot the molecule with incident light 

oan occur in two ways. A periodic change in the dipole
? , 

moment of the .molecule accompanying a vibration can give 

rise to absorption or emission. Since any vibration in a 
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molecule is composed ot one or more or the fundamental 

modes of vibration, the frequencies ot the absorbed or 

emitted light is that of the component modes. The magni

tude of the frequencies for molecular Vibrations is or the 

order which corresponds to the infrared portion of the 

light spectrum. .The modes or vibration which cause 

absorption ot light in the infrared e.re called intrared 

active. For symmetrical molecules not all normal vibra

tions are infrared active since some vibrations may cause 

neither a change in magnitude nor direction of dipole. 

Such is the case for the N2H6 ion considered here. For 

the 18 normal vibrations only 8 are infrared active. 

Another kind of interaction between a molecule 

and incident light can occur which does not depend on 

there being a change or dipole associated with a normal 

mode. When electromagnetic radiation is incident on a 

molecule there is induced 1n the molecule a dipole whose 

strength is proportional to the incident field• the 

constant of proportionality being called the polariz

ab111ty. Since the incident field is varying with the 

rrequenoy of the light• the induced dipole will vary 

and reeJD.1t light of the same frequency. This is known 

as Rayleigh scattering. : However it the polarizability 

·is not constant, but varies with the vibration of the 

molecule, the reemitted light will have in addition to 

http:reeJD.1t
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-v , the frequency of the incident light, a frequency 

~~~;,where ~i is the frequency of a normal Tibrat1on. 

The eftect is known as Raman scattering and frequencies 

which appear in the Raman spectrum are called Raman active. 

A theoretical determination of which modes are in• 

trared active and which are Raman active for a particular 

molecule is based on the symmetry of the isolated molecule. 

Howeyer, tor a crystal, where each molecule is coupled to 

its neighbors,. the problem ot the symmetry is complicated. 

A successful approach to the problem has been worked out 

by Halford (7, pp .8-15). The method is to treat the 

motion ot one molecule moving in a potential field reflect

ing the symmetry of the surrounding crystal. To do this 

it is necessary to define certain points, called sites, 

which are on the symmetry elements and are invariant under 

the operations of the space gro~ ot the crystal. The 

group of operations connected with the sites and express• 

1ng the symmetry of the environment ~s called a site group 

and it is from this site group instead of the point group 

ot the molecule that the selection rules are determi.ned. 

The site groups for all space groups haTe been worked 

out (7. pp.l4-l5). 

Thus tor Ni!6F2 the space group is nj4 and the site 

grou.p is D34 .. Here the site group is the same as the 

point group tor free H2a6+. For N~6Cl2 the space group 
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is T! and the site group is s6, which re::f"lects the lower 

a.vmm.etr.Y or this or.vstal. The character tables and number 

ot aotive ::f"undamentals are shown in Table 1 (8, pp~ll6, 

119). 

TABLE l 

CHARACTER TABL'ES FOR D)d AND s6 SYMMETRIES 

I 2C i )C2 n R T m RD)d 2S6 ) d 3 

Alg 1 l 1 1 1 l 3 0 ). 
1 •l 1 -1 1 -1 l inactiveAlu 

A2g 1 l 1 1 -1 -1 l 1 0 0 

l -1 1 •l -1 l 3 l 2 0~u 
Eg 2 -1 -l 2 0 0 4 1 l ) 0 

Eu 2 1 -1 -2 0 0 4 l 1 0 ) 

56 I 286 2C) 1 n B T IR R 

-
Ag 1 1 1 1 4 1 3 

1 -1 1 -1 4 1 3Bu 

E1u 2 1 -1 -2 4 2 3 

2 -1 •1 2 4 2E2g 
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Of the 18 degrees of treedom possible• six must be 

attributed to translational and rotational notions. Of 

the 12 remaining genuin& modes. six are Raman active and 

tin are infrared active. In addition there is one mode 

of vibration which is inaotive in either. Of the infrared 

active, two belong to the A211 species and are respectively 

NH stretching and HNB bending modes. Figure 4 shows the 

normal modes for the infrared active vibrations. There are 

three doubly degenerate modes all appearing in species Eu• 

One is HH stretching, another BNH bending, and the third 

is a motion representing NNH bending. For each of the 

A2u modes of vibration it is noted that the two NH3 groups 

are out o:r phase with each other. From this :tact it might 

be guessed, as is indeed the case,. that these motions 

prOduce a changing dipole within the molecule and hence 

are infrared act1ve. That the modes are not Raman aotive, 

i.e. that the polarlzability does not change during 

vibration is harder to visualize. However, it may be 

noted that the charge distribution on the molecule is the 

same at either extremes of a particular vibration so that 

at least in these cases the polarizabillty must be the 

aame.· 
Three of the Raman active vibrations appear in 

A1g and three more appear in Eg• Five of these are 

identical to the infrared active ones, except that now 



NORMAL VIBRATIONS OF FREE N2Hs+ 

Infrared Active 

Infrared and Raman 

Inactive 

Figure 4 
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the two ~ groups move somewhat together; and tend to 

cancel out any net change in dipole so that these modes 

would be expected to be inactive 1n the infrared. In tact 

it can be shown that tor molecules having a center of 

inversion, the selection rules for infrared active and 

Raman active fundamentals are mutually exclusive. 

Exam1nation of the s6 symmetry of the dichloride 

shows it should give rise to the same spectrum as the 

difluoride except that the previously inactive mode now 

becomes infrared active. This vibration is also ehown 1n 

figure 4. It can be described as a torsional motion or 

the NBJ grou;ps about the NN bond. . The trequenoy of such 

motion would be quite low for a tree molecule. However, 

strong hrdrogen bonding causes an increase in the magni

tude or the restoring forces and consequently a rise in 

frequency. though perhaps it still may be too low or else 

too weak in intensity to be found 1n the region examined 

here. 

The active infrared fundamentals observed are those 

arising trom the hydrazinium ion. The restoring force 

between these ions and the fluoride ions are comparatively 

weak in that - the motions of the ions relative to each 

other (lattice modes) have frequencies which lie too low 

(<200 om-1) to be observed with the equipment available. · 

The hydrazinium ion has the same electronic 
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cont1&ura11on as ethane. If the h;rdra.zinitun ions could be 

removed from their crystalline enviro%UI'.l$nt, their normal 

modes would have the frequencies of ethane mod.1f1ed slight

ly by the mass of the nitrogen a.tcm being greater than 

that of carbon. N•vertheless, the fundamentals of ethane, 

which are now well established, serve as a useful guide in 

the assignments tor N2H6F2 and N2H60l2• 

The infrared active m.odes . or vibration are drawn 

schematically tn figure 4• The designation below each 

.mode will apply to both N2H F2 and N2H c12 • Primes will6 6
be used to retell' to the deuterated oo:mpound. 

' 

Although the spectra obtained tro.tn molecular 

crystals are very similar to those obtabed trom. the 

compound in the gaseous state,. there are certain important 

ditter-ences,. The breadth or bands tor the orystal is 

probably du.e to an b.um..onto oou,plins between molecular 

and lattice modes. For oe:tttain symmetries there is a 

splitting of th~ degenerate frequencies caused by

perturb-ation in the lattioe (101 pp.l06)-l076) •· The 

theor.r predicts that tor the Eu lllOdes under consideration 

here, there would be splitting. 
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EXPERDIENTA:L RESULTS 

Figure 5 shows the N2H F2 spectrum as obtained from6
a sublim.ed sample a~ liquid air temperature. 

The most striking feature ot the spectrum is seen to 

be the great breadth ot the hydrogen stretching region 

which extends trom 2)00 cm-1 to )000 cm·1 • That strong 

hydrogen bonding is to be expected is seen trom the high 

electronegativity ot each fluoride ion together with its 

proximity in its crystal environment to three hydrogens. 

More will be said about this ettect later~ Other stray 

absorptions appear together with soms less pronounced 

features. The principal absorption maxima are listed in 

Table 2. 

The N2D6F2 spectrum., also from a subl1Jned film, is 

shown 1n figure S. Great di:fticulty was encountered in 

obtaining a good spectrum ot the deuterated salt tor two 

reasons. First, to go -throUgh the process ot deuteration, 

transfer, and finally sublimation without soms exchange 

with water vapor is dittioult. The spectrum shows many 

weak absorptions caused by partially deuterated molecules. 

Kost ot them eould probably be assigned to N2HD~• since 

tor almost co~lete deuterat1on this ion would be the 

m.ost abundant impurity. Second, the deuterated salt 

seemed .more difficult to sublime than the undauterated. 

http:sublim.ed


IOOr----------------------------------------------------------------------------------------------------------------------------. 

50 

~ ~o~o~~--~a~o~o___.___lo~o~o----~--~~2o~o~_.____14~o~o--~--~~--~--~----._--2_o~o-o--~---22~o-o___.____Z4•o-o--~---2~6~o-o--~--2-e~o-o___.____.___~--~ 
;;; 
"' :z 
z "' c 
« .... 

"' I OOr-----------------------------~--------------------------------------------------------------------------------~==~-, 

50 

FREQUENCY, CM
1 

Figure 5 

l\) 
0 



21 

TABLE 2 

INFRARED ABSORPTION I4AXDIA 
FOR CRYSTALLINE HIDRAZINE DIHALIDES 

(om·1 } 

N~6F2 N2D6F2 Ni!6c12 N:z1>6Cl2 

1180 (s) 72.5 {w) · 860 (vw) 795 (m) 

1560 (m) 8.58 (m) 1010 (w) 885 (w) 

1785 (m) 1040 (m) 1090 (s) ll2p (w) 

2065 (s) 1185 (m) l.J82 (w) 1268 (w) 

219.5 (s) 1335 (w) 1480 (s) 1410 (m) 

2310 (s) 1620 (m) 1610 (YW) 1477 (w) 

2.540 (s) 192.5 (s) 1830 (m) 1920 (m) 

2840 (m) 2120 (s) 194.5 (m) 2080 (s) 

24.50 (m) 2070 (s) 2220 (m) 

296.5 (w) 2600 (s) 2680 (m) 

269.5 (s) 

277.5 (s) 

2900 (s) 
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It was necessary to heat the sample during sublimation and 

1n so doing there is the risk of decomposing the salt by 

splitttns ott ot DF. However, a number of peaks were 

found associated with the N2D6P2• These are listed in 

Table 2. 

It 1s of interest to know whether the film is 

oriented on the window. Since N~~2 is uniaxial, observa

tion ot the film with a microscope using polarized light 

will detect orientation. It as found that the film was 

ot a polycr1ata111ne character. 

The effect of having the symmetry axis perpendiou• 

lar to the sample window and consequently parallel to the 

incident light would be useful in distinguishing certain 

modes of vibration. Those types of motion ( "Vs, \J~~o ) 

whioh produce dipole changes parallel to the sy.IDDlEltr.Y axis 

should han the 1r absor,Ptton l)eaks d1m1nished s 1no• there 

oan be no interaction of such a dipole change with light. 

Herein lies the value ot purposely orienting a sample, as 

a thin crystal, and noting the changes produced in the 

spectrum. 

In the early stages of the work done on 4ttluoride 

it was found that two different spectra could be obtained. 

These wer~ tentatively called the ~ and the ~ type. The ~ 

type was assoc1at d mostly with sublimed films whereas 

the ~ type was obtained from emulsions~ The possibility 
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or the reaction of NZH6F2 with the rook salt windowa dur

ing the processing of the emulsion suggested itselt. One 

ot the products of such a reaction would be N285c1. The 

matter was fairly well settled by substitutiDg fluorite 

tor rook salt in making the emUlsions. It was then found 

that such a procedure resulted in giving the oc spectrum. 

Therefore the ~ type is the one arising from N2B6Fz. This 

interpretation is turther confirmed by the agreement of ~ 

spectrum with that ot N2B Cl (6).5
ror N2H F2 sublimed onto rook salt windows at6

liquid a1r and dry ice acetone te.IJU)eratures no reaction 

took place. However, if the film was allowed to remain 

tor several hours while the window warmed to room tempera

ture, the cell still being evacuated• decomposition and 

reaction took place, as evidenced by .man.r extraneous 

bands 1n the spectrum. 

The spectra for N~6c12 and N,p6c12 are given 1n 

t1gure 6. The spectra were obtained f'rom emulsions in 

Nujol and pertluorokerosene. These compounds are 

transparent 1n different regions of the spectrum so that 

the complete spectrum shown here is a composite of the two. 

The same general features as were present in the 

difluoride spectra are noted. Again there is the 

indication of strong hydrogen bonding., However the width 
1ot the hydrogen stretching region extending from 2400 cm
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to )000 c.ai1 is not so pronoUJlced as 1n the difluoride as 

would be expected, since the hydrogen bonding is not as 

strong for the dichloride. 

As was noted previously• both the symmetries n34 
and 86 have a center of symmetry so that active funda

mental vibrations can be either 1n the intrared or in the 

RaJDaD. but not in both. The Raman spectrum for N2H6012 

and N2n6o12 1n solution an4 crystalline N2H6012 has beep, 

observed {~, p.236; 5, p.S25; 1. p.SS). The lines are 

listed 1n Table ). It is seen that these frequencies 

do not correspond to the maxima observed 1n the infrared. 
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TABLE ) 

R.AJIAN FREQUENCIES FOR N2~c12 AND H2D6Cl2 

(0.11-1) 

NtJ6C12 
(crystaline) 

10)6 (5vs) 1024 (lOs) 828 (O) 

1645 (2Tb) 1519 (3) 1199 (2vb) 

2655 (0) 1S94 (1) 2160 (2) 

2187 ()vb) 2009 (lbd) 

2544 ()bd) . 

2610 (2) 

2660 (l) 

2135 ()bdd) 

2805 (ld) 

286S (2d) 

2937 {2d) 

2980 (2d) 

Notation in parenthes.ia: 

Number is relative intensity starting with 
0 as strongest. 

Letters are the abbre•1at1ons v : very, 
· a : sharp, d : d1ttuae, and b : broad. 

http:parenthes.ia


DETAILED ASSIGIDIENT 

The aoouraoy ot assignment of fundamentals tor a 

deuterated and undeuterated mnleoule can be checked using 

the Teller-Redl1oh product l"ule (81 p.2)2). The ratio ot 

the products of the trequencies for tb.e deuterated mole

cule to the product for the undeuterated tor a part1cula.!" 

species ot vibrations 1s given a a function of the .masses 

ot the a tome and .moments ot inertia of the molecule. 'l'he 

rule can be written 

wher4 the c.v 'a are the fundamental trequenoies, m is the 

masa ot the substituted atOJD., n is the number ot Tibra

tions in which the substituted atom participates, Jl is 

the molecular welght, the I'a are the moments of inertia 

about the three principal axes, and the asterisks rater 

to the isotopic molecule. 

When the 1ntrared active modes are considered 

separatelY'; the rllle taotors to: 

w~w:w; 
W , w w w , 
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In deriving this formula, the ratio or frequencies 

tor the non-genuine modes is a simple function ot the total 

masa and ~nts ot inertia or the molecule. However tor 

a crystal the molecules have restoring forces between them 

so that ' these formerly non-genuine rotational and trans

lational motions have non-zero frequencies. Thus unless 

the frequencies of these lattice ty,pe of motions are known 

the product rule will not hold rigorously tor crystals 

as it stands above. Further, the rule holds exactly only 

tor harmonic oscillation. Since hydrogen bonding involves 

a high degree of anharmonioity, perfect agreement is not 

&JPected between the actual and theoretical values. 

Table 5 lists the assignments made for N2H6F and2 
N2D6l2• For comparison there are given in Table 4 the 

corresponding ethane and deutero-ethane frequencies. The 

theoretical and calcUlated frequency ratios are given. 

It is difficult to resolve the two fundamentals 

which represent the NH stretching sinoe these are somewhat 

lost in the breadth caused by hfdrogen bonding. The peaks 

are taken to be (in c.Dt1 ) 2540 and 2840 for N2H6P'2 and 1925 

and 2120 for N2D6F2• Using the rule that generally the 

degenerate mode has a higher frequency than the non

degenerate, the assignments are for~ 
5 

2540, "'\1 S 1925, and 

tor -...J ~ 2840, 'V 7 2120. 
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TABLE 4 

INFRARED FUNDAMENTALS OF ETHANE 

')5 

"6 
--v7 

"'\)8 

~9 

Description 

O•H stretching 

H.C-H bendixls 

0-H stretching 

H-Q•H bend1ng 

H-N--N bending 

c~6 

-
2954 (s) 

1379 (w) 

2994 ·(m) 

1486 (s) 

821 (s) 

C2D6 

-
2111 (s) 

1072 (s) 

2236 (e) 

1102 (s) 

601 (s) 

TABLE 5 

IRFRARED FtliDAMENTALS 
OF HlllRAZINE DIFLUORIDB 

N-J16F2 BzD6F2 llldividual 
Ratio 

Species
Ratio 

Theoretical 
Ratio 

'J; 

')6 

'V7 

~8 

"'\)9 

2540 

1560 

2840 

1785 

1180 

1925 

1185 

2120 

13)5 

858 

0.758 

0.760 

0.747 

0.748 

0.726 

l 
) 

I 
0.516 

0.406 

0.543 

0.)84 
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By analogy with ethane the NNH bending mode (~9 ) 

1s assigned to the lowest frequency, 1180 om·l, and 1n 

NfJ6F2 , \19 : s;s cm-1 • 

Finding the two remaining fundamentals is more 

difficult. Both are hydrogen bending motions. It is 

known that hydrogen bonding, besides lowering stretching 

frequencies, also has the eftect of raising the bending 

frequencies. Again the degenerate species is taken as 

having the higher frequency. The assignments are (in 

cm""1 ):'\> 6 1560; \l A118;; "s 1785; "A 1))5. 

Table 6 lists the assignments for both N2H6Cl2 

and N2D6Cl2 • In general the assignments follow much the 

same pattern as for the difluoride. 

The residual peak at 2680 om""1 in the speotrWII. tor 

the deuterated salt is noted. Presumably this arises from 

N~;+ . The intensity of this absorption is great in 

comparison to any other arising from partially deuterated 

products, indicating how pronounced absorption of H 

stretching regions really are. Further it is interesting 

to note that for an isolated B2BD;t in a ~attice ot 

N:zD~+ there must be only comparatinly little inter

molecular coupling (9. pp.2l8-219). 

As 1n the ditluoride, sharp peaks in H and D 

stretc~lng regions are obscured by the breadth. T.he A2u 

~d Eu Yibrations are taken respectively as (in nm-1) 
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TABLE 6 

INFRARED FUND.Al&ENT.ALS 
OF B.YDRAZINE DICin.ORIDE 

Individual Species Theoretical 
Ratio Ratio Ratio 

~5 2775 2080 0.751J 
0.571 

1480 1125 0.·761)
~6 

2900 2220~7 0.765! 
'-ls 1945 14l0 0.125 o.z.o; 

1090 795 0.7)0)'J9 

" 2775 and 'l7 2900 tor N H 012 and "S 2080 and ~7
5 

2220 tor Na06c12 • 
I 

The NNB bending motion is fairly obvious, being the 

strongest ot the lower frequencies. Also the isotopic 

shift is generally smaller than for motions which involve 

hJdrogens to a greater extent. The assignments are: 
-1 -1 

"V
9 

1090 em and \) 9 795 om. • 

The hydrogen bending modes gaye frequencies higher 

than the corresponding ones tor ethane. These are 

( 1n om.-1): 'V 6 1480, '\) 6 1945, 'JS 1410. 
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SUMMARY 

The intrared absor.ptlon· spectra ot crystalline 

h.r4raz1ne d1fl·uoride, hydrazine d1ohlo:r1de ·' and the 

oorresponcU.ng deuterated compounds have been obtained :for 

the region 600•)500 cm·1 • The obaraoter1st1c :feature ot 

the spectra is the gl"eat breadth and intensity ot 
1 

the 

hydrogen stretching regions. This probably arises from 

1nte.raction o.t Nll stretching with the latt1.ee modes. 

The tive :fundamentals tor each ot the four 

or,ystala has been. assigned. The results were oheoked 

using the Teller-Redlich p:roduot rule. though atl

har.m.onioity reduces the aeeuraoy of the verificat.ion~ 

http:latt1.ee
http:oorresponcU.ng
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