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Abstract: In this study, synthesis of two newetracyanocadmaf#) and
tetracyanozincat€ll) complexesbased or3-aminopyridine(3AP) and investigation of
their structural properties were reported. Theseplexesvere characterized by using
vibration spectroscopy, elemental, thermal analysis and single crysssl diffraction
(SG-XRD) technigueslnvestigation othe elemental, speel and single crystal data of
these complexes;showed that the formulas[Cd(3AP»Z n {-@N)]n (1) and
[CA(BAPXC d ¢-EN)4n (2) fully explained their crystal structur&eneral information

about the structural and chemical properties of thesglexebtained in single crystal

form was obtained by observing the changes in the characteristic peaks of the 3AP with

the[ Z n-CN)4)* and[ C d-CN)4* structures that make up thesemplexes The
behaviors of these complexes against changesnperature were obtained by examining

the temperatureependent changes of their mass.
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Theasymmetric unit of the heterometallic complekesd2 consist of half Cd(ll)

ion, half M ion [M = Zn1 inl and Cd2 ir2], two cyanide ligands and one 3AP

Key words: HofmannTg-type complexes3-Aminopyridine, Vibratio spectraSCGXRD
analysis
1. Introduction

In 1897, a young scientist named Karl Andreas Hofmann ¢(1840) invented
an interesting chemical compound that would later be called his fdmseinteresting
compound, first obtained by Hofmann, was named "Hofmann type clatfihtei' order
for a chemical compound to be defined as a clathrate, it must have two components, one
called "host structure" and the other "gues$tie host structures a structure consisting
of various ligand molecules and transition metal atoms that make up it, and has spaces in
different volumesGuest molecules are molecules with in a generally aromatic structure
that can enter the spaces of the host structurarious volumes [4].

The clathrates, from the day they were first discovered, continue to ae of
increasing interest even toddecause it is obvious that clathrates have a great say in
solving problems such as the storage of hydrogen gas, stotthgerél energy, retention
of atmospheric pollutants, bioactivity and superconductivity, which are among the biggest
problems of humanity todap{10].

Recently, new clathrates with many properties such as semiconductor clathrates,
magnetic resonandeaging clathrates and electrically sensitive organic clathrates ...
have been obtained besides clathrates with traditional prodé&rti€s.

The clathrates are named in many different ways according to their origination or

the areas in which they areeds The most commonly known clathrates are clathrate
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hydrates, organic clathrates, inorganic clathrates, Hofrhgrenclathrates, Hofmanfy-
type clathrates and Werngpe clathrates.

The general formula of Hofmann type clathrates synthesized in orgadic
inorganic studies in many scientific fields is M(I)LM'(I)(CM)G. In this formula, the
M and M' denote +2 valence transition metal atoms and the L denotes one bidentate or
two monodentate ligand molecules, G indicates a guest molecule thatleatdcsmann
type host structuteFinally, ino i ndi cates the numheat of gu
structure[2-4].

A clathrate can be synthesized in two ways. In one of these, all metal atoms, ligand
molecules and guest molecules that will form a cla¢haee brought together in the same
chemical reactionin the other waythe host structure of the clathrate is firdormed
and then the guest molecule is placed in the spaces of the host st\Wttieethere is
only one clathrate obtained in the ficd these synthesis ways, clathrates in the number
and type of guest molecules that can be prisoner into the host structure obtained in the
second can be obtainetherefore, it is much more important to obtain the host structure
of the clathrate first #n to obtain a clathrate.

Some of the uses of Hofmattype complexes and clathrates can be briefly listed
as follows: protecting the environment from the effects of various toxic and radioactive
substances, separating molecules of certain sizes fronsotieaining drinking water
from seawatermaking new batteries more useful than old battenssking advanced
chemical sensors, economically obtaining hydrogen gas, to obtain stronger magnetic
materials to store electrical energy in the smallest possible volumes, to obtain new
compounds that show superconductivity at normal temperatures to riedises in

electrical conduction, etc.
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The general formula of Hofmanrtype host compounds is given as
M(IDLM'(I)(CN) 4. If the M" atom in this formula is nickel, palladium and platinum, the
structure of thelM'(I1)(CN)4]% group is square planar. Such compounds are called
fiHofmann type compoundg¢Briefly shown as HTCs)If the M' atom is zinc, cadmium
and mercury, the structure of tiid'(11)(CN)4]?% group is tetrahedral. Such compounds
are also callediHofmannTg-type compoundé (Briefly shown as HTDTCs)When
scientific publications about Hofmann compounds are examined, it is seen that there are
much more studies ddTCs, while less studies dATDTCs.

In the past years, we obtained four neWds using cobaftl), coppefll), zind1l)
and cadmiur@l) atoms as transition metal atoms @~aminopyridineas ligand molecule
[11 and12]. In this study, we wanted to obtain two new HTDTCs in crystalline form
using cadmium(ll) as transition metal atomar@inopyridine as gand molecule and
[M'( £CN)4]# anions [M' = Zn(ll) and Cd(Il)]Some of the scientific studies on HTDTCs
from past to present are listed in order of dagZ5|.

If a chemical compound has a closed formldne form of(CsHsN2) and consists
of the NH group attached to the pyridine ring at the meta positilis, chemical
compoundis called 3aminopyridine (3AP). Other aminopyridine compounds are 2
aminopyridine (2AP) and -dminopyridine (4AP). All of the aminopyridines are
frequently used in medicinand to obtain new chemical compoundsgreat deal of
information can be found in the studies of our and other researchers about
aminopyridines, which are very important compounds in the field of science and
technology 11,12 and 5-36].

Generally,cyanometallate compounds are a grofi@nions formed by a metal

atom and cyanide ligands. There are four cyanide groups per metal atom in



10

11

12

13

14

15

16

17

18

19

20

21

22

23

tetracyanometéate compounddlf the metal atoms in tetracyanomethalates are nickel,
palladium, and platinum they @ a square planar geometry and if the metal atoms are
zinc, cadmium and mercury, they have a tetrahedral geontetaychemical structure
with uniform tetrahedral geometry there are four equally spaceaybpids orbitalthat
form bond angles of approrately 109.3 bet we[3n t hem

In this study, to obtain HTDTCs with the formuGd(3APLM(CN)s, the 3AP,
cadmium(ll) acetate  monohydrate  [Cd(OOCG{EAH.O] and  potassium
tetracyanoratallae(ll) Ko[M(CN)4] [M = Zn(ll) and Cdll)] compounds were used. As a
result of our studies, two new HTDTCs in crystal form were obtained, whose chemical

formulas are considered to Gel(1)(3AP)Zn(CN)and Cd(I){3AP)Cd(CN).

2. Experimental

2.1.Syntheses of HTDTCSCd(I1)(3AP) 2Zn(CN)4 and Cd(I)(3AP) 2Cd(CN)a
The chemical substances used in this study were not processed any further. These
chemicals are listed below.

a) 3aminopyridine 3AP (CsHsN2, Alfa Aesar, 99%)

b) Cadmium(ll) acetate monohydraf€d(OOCCH).L. BD, Alfa Aesar, 99%)]
c) Potassium tetracyanozincate(K2[Zn(CN)]: (It was synthesized by us.)

d) Potassium tetracyanocadmate(Ky[Cd(CN): (It was synthesized by us.)

The following chemical analysis method was used to obtain compound
Cd(I)(3AP)ZNn(CN. First, 1 mmobf Ko[Zn(CN)4] (0.248 g) was dissolved in distilled
hot water (10 mL) and 2 mmol ofAR (0.188 g) was added to this solutidrhen, a
solution of 1 mmol CADOCCH).LH-0 (0.249 g) in distilled hot water (5 mlvas added

to the mixture. The entire mixture was mixed with magnetic stirrer for about an hour.
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Similarly, the following chemical analysis method was used to obtain compound
Cd(IN(3AP)LCd(CN. First, 1 mmol oK2[Cd(CN)] (0.295 g) was dissolved in distilled
hot water (10 mL) and 2 mmol &AP (0.188 g) was added to this solutidrhen, a
solution of 1 mmoCd(O©OCCH;).LH20 (0.249 g) in distilled hot water (5 mL) was added

to the mixture. The entire mixture was mixed with magngtirrer for about an hour.

As a result of all these chemical reactions, HTDTCs, which are thought to be their
formulas asCd(11)(3AP)2Zn(CN)s and Cd(II)(3AP)Cd(CN) were formed in suspension

form in aqueous media. The diluted ammonia solution was added to the resulting

complexes to obtain cleaner and more transparent mixtures. These transparent and clear

mixtures were stirred with magnetic stirrer &mours at apmximately5’5 A C and f

to remove impurities in them and allowed to crystallize under normal conditions.

As a result of this study, the colorless, transpacenplexesof the HTDTCs
which arethought to have the formufad(ll)(3AP%Zn(CN) and Cd(1)(SAPRCd(CN),

wereobtained after a period of about faursix weeks.

Based on the elemental analysis of the structure of these crystalline HTDTCs and
the results of the S@RD studies, it was found that thetructures are polymeric and
their formulas are [Cd(3APRZ n {-G@N)n (1) and [CA(BAPRC d ¢-CN)in (2),
respectively, as expected.

2.3.Instrumentation

FT-IR spectra of theomplexesl and2 were obtained with the Bruker Optics Vertex 70
FT-IR Spectrometer in the wavenumber range3d5) i 250) cm* at 2 cmt resolution
using the KBr technique under normal laboratory conditionsR&han spectrum of the

complex1 was obtained at under normal laboratory conditions with a Bruker Senterra

t

e
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dispersive Raman microscope using the -B82 line of a B diode laser in the
wavenumber range 08730 i 150) cm'. The FFRaman spectrum afomplex2 could

not be obtained.

The data of the crystal structures of the compléxasd2 were collected with a
D8-QUEST diffractometer equipped with a graphitenochromatic MeKy( -0.74073
i ) radiation. The H atoms of carbon atoms were located from different maps and then
treated as riding atoms withl€@ d i st a n c ©theoH atothsvére3refined freely.
The following procedures were implemented in our analgsisied by direct methods;
SHELXS-2013 [38]; refined by futmatrix leastsquares methods; SHELX2013 [39];
data collection: Bruker APEX2[]; program used for molecular graptwere as follow:
MERCURY programs41]; software used to prepare material for publication: WinGX

[42]. Details of data collection and crystal structure determination are given inITable

The thermal curves @omplexs 1 and2 were recorded in a nitrogen environment
at a heating rate & °C/min and in the temperature range (2600) °C using platinum

crucibles on a SETARAM LabSys evo thermal analyzer.

For this study, the metal amounts in the structure ofdhgplexesbtained were
analyzed with the PerkiBlmer optima 4300 DV ICIOES device and the carbon,
nitrogen and hydrogen amounts were analyzed with the C#BRSLECO) elemental
measuring device. The results obtained from these measurements are shown2n Table

From the examination of Tab® it is seen that the theoretical computation results
for complexed and2 and the experimental results are in good agreement with each other.
3. Results and discussion

3.1.Crystallographic analyses ofcomplexesl and 2
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The SC-XRD study shows that heterometallic complegtemnd?2 have 3D coordination

polymers. Eacltomplexcrystallizesin the monoclinic system with space groGg/c.

While the atoms located in the symmetry centers in confpée Cdand Zn atoms, the

metal atom located in both symmetry centers in complexCd atoms. Therefore, the

formula for complex2 gives half the formula for complet (see Table 1). The

asymmetric unit of the heterometallic compleftemnd?2 consist of half d(ll) ion, half

Mion [M =Znlinland Cd2 ir2], two cyanide ligands and one 3AP as shown in Figure

1. In complexesl and 2, each Cd1l atom is located on a center of symmetry and is
coordinated by four nitrogen atoms from cyanide ligands and two nitretgems from

3AP [CdEN bond range betweeéh323(3) and 2.327(3) L and 2.339(3and2.313(3)

i R]nthus showing a distorted octahedral coordination geomeélry.two 3AP and

four CN groups are located in an octahedral structure with respect to the Cd1 atom and in
atranspasition. These CelN distances were found by different researchers £3#3(7)
2.319(3)and2.335(2); , r e s p48-45}. The ohdyistahce between the Cd1l atom

and the nitrogen atom of the cyanide ligaBB99(3); inl1and2 . 3 8 1if & yas i

found by different researcher tdand€d22. 207 ( €
in 2] is coordinated by four carbon atoms from cyariigands R.037(3) and 2.038(3)

inland2 . 211 ( 3) an3d,this skkowiBg(a Bfrahgdralicaordination geometry.

These MC distances were found to be 2.020(4) 2nd 2 0 7 ( 8) i i n crystal
otherresearchers with same metal atoms arahide ligands [ and43]. The metal

ions are bridged by cyanide ligands to generate 3D coordination polymers as shown in
Figure 2, with the Cdl1AAAZnlaseéptheat CohAAAC

separations are25.485 and 5.576 I n



The weak intermolecular NHE M interaction between M(II) ion and amino H
atom of 3AP [H2&£Znl = 3. 06 (B2nl= ,3.N25 9 ( 1) H2AEZnda d N2

139. 65@0apdAH2A@d? = 3. 18( E¢d? , 3NZ80(2) | and
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H2AECd2 = 1 2 7 . 12Big tBe)mhAst dutstanding property band?2 [(i) x-1/2, y-
1/2, z; (i) x, 1y, 1-z]. The weak NHE M interactions that occur in the crystal
structures we have examined are clearly seen in FigUitee3e all type connections play
a big role in making th crystal structures even stronger. In additisach weak
connections cause changes in the values of thediretching and bending vibrations.
The bond distances, bond angles between some selected atomsoimptexesl and?2

are given in Table 3.

As can be seen from the | it etymedavtiesse revi e

for guest molecules in the host structures

type cavitiesfor guest molecules in the host structures of HTD TR Utype caities

are approximately rectangular prisshaped structures like thoseHTCs T h etypb

cavittesar e a t wi sted structur e afectangulargrisagut r ot at i

alongwith diagonal planeThe metal atoms that make up the HTDTCslacated at the

corners of this rectangular prigiy-25, 43 and 4).

Il n order t-tgpe cadties fdimed in the domplexes more easily, the
lattice structure of a complex was created without considering the 3AP ligand molecule
inthecrystas t ruct ure anal ysi s pr ogr atyecavites has

in this newly formed lattice structure are determined more ed$ib/resulting situation

can be seen in Figure #.h u s , it was seen htgpecaditkdff settl e
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these complexes are intended to be used as a clathrate, appropriately sized guest

mol ecul es can enter t h-gpercawvinea.i ni ng vol umes

3.2. Spectral characterization ocomplexesl and 2

The vibration(FT-IR and FFRaman)spectra of3AP are shown in Figures (a), (b);
complex1 (c), (d) and FHIR spectra of comple® (e), respectively.The F-Raman
spectrum otomplex2 could not be obtained due to technical reasons.

From examining the spectra cdmplexesl and2, the great similarities between
them are immediately apparent. This shows that the structures otdiohlexesare
similar. The presence of vibration bands of the 3AP in the vibration spectoaflex1
and?2 is the greatest evidence of the presendb@®BAP in their structureSpectral data
of the complexescan be analyzed separately for vibrations of3A®, [ Z m-CM)4]?
and[ C d-CN)4? anions, respectively.

3.2.1 Vibrations of the3AP

There are many scientific studies conducted by vatiessarchers in the past about the
3AP [11,12 and &5-36]. The 3AP has a planar structure and it belongs t&¢§2a8-30]
symmetry.The 3AP has 33 normal vibration mod@9 fnd47]. The 3AP has unshared
electron pairs on the nitrogen atoms of the pyriding and NH group. Thus, the 3AP

can be function as a bidentate ligand molec2830 and 4].

However, when the structures of completemnd?2 are examined, it is seen that
the 3AP is bound only from the nitrogen atom in the pyridine ring to the cadmium
transition metal atomlpR and34]. Similar binding pattern has also been seen in studies

with the 4AP ligand molecule § 49].
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Some noticeablemall frequency shifts of the 3AP in the vibration spectra of
complexesl and 2 are thought to be due to changes in environmental conditions
compared to the case where the 3AP does not form compounds due to the formation of
compoundsln addition, small changes occur in some vibrations due to the interaction of
vibrations of the 3AP and the vibrations of the metal nitrogen bond. However, significant
changes are observed in the stretching, scissoring, bending and torsion frequeheies of
NH2 group anding breathing modes of the 3APhe vibration frequencies of the 3AP
most affected by changes in environmental conditions or the formatcamgfiexesand
their shift amounts are marked in bold in TableT4dhe | et t er ofoteqg i s
frequency shifts in this tabl&he +gpvalues in this table indicate that the shift is towards
the high frequency region, thep values indicate that the shift is towards the low
frequency region.Similar interactions have been observed in studies iqusly
conducted by us and other researchers with aminopyridine ligand molecyl&g, [27,

31land33].

As can be seen from the examination of Table 4, the asymmetric stretching
vibration of the NH group in the FTIR and FFRaman spectra of the 3AP firee state
was observed as a peak at 3373 and 338"wawenumbergespectively. This peak was
observed in the FIR and FFRaman spectra ofomplex1 at 3484 and 3392 cin
wavenumbers, respectively. This vibration peak occurred in théRF3pectrum of
complex2 at 3474 crit wavenumber. Due to the change of environmental conditions in
the obtainedomplexeof the 3AP, this vibration mode shifted to the higher wavenumber
region of 111 and 101 chin the FFIR spectra otomplexesl and2, respectivelyThe
same vibration mode, for the same reason, shiftédetbigher wavenumber region of 5

cmt in the FFRaman spectrum of compléx
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The symmetric stretching vibration of the Ngtoup in the FTIR and FFRaman
spectra of the 3AP isolid state was observed as a peak at 3304 and 3319 cm
wavenumbers, respectively. This peak was observed in tHR Bpectra of complet
and2 at 3393 and 3387 cfwavenumbers, respectively. This peak wasn't observed in
the FFRaman spectra of compléx Due to the change of environmental conditions in
the obtained complexes of the 3AP, this vibration mode shifted to the higher wavenumber

region of 89 and 83 ctiin the FFIR spectra of complexelsand2, respectively.

A peak that was not seen in the thetmal vibration calculations of the 3AP
molecule, but that peak was seen at 3152 wmvenumber in its free state IR spectrum,
it was seen at 3216 chwavenumber in both complexes formed by 3Amile this peak
was interpreted by some researchers as the overtone of the bending vibration of the NH
group, some other researchers interpreted this peak as the splitting of the stretching
vibration of the NH group due to the Fermi resonan8anilar stuations arose also for

the 4AP molecule and the complexes obtained widsit

The bending vibration of the NHyroup in the FIIR and FFRaman spectra of
the 3AP insolid state was observed as a peak at 1633 and 1649@venumbers,
respectively. This peak was observed in thelRBpectra otomplexesl and2 at 1627
cm! wavenumber. This peak was observed in thd@man spectra abmplexl at 1626
cm! wavenumbers. Due to the change of environmental conditions iokbtaéned
complexeof the 3AP, this vibration mode shifted to the lower wavenumber region of 6
cmt in the FFIR spectra of botltomplexesand 23 crit in the FFRaman spectrum of

thecomplexl.
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The changes in vibration modes in rows 7, 8, 10, 11, 139120 and 26 of Table
4 are the changes due to the formation of the compounds and only affect the vibration
modes of the pyridine ring of 3ARRmong the changes in these vibration modes, those
in the 19" and 26 rows are the most important. The valeéshifts in these modes are

+22,+25 cmt and +62, +114, +61 cm?, respectively.

3.2.2.Vibrations of group [M( £CN)4]% [M = Zn(ll) and Cd(ll)] in the complexesl

and 2

The band assignments p¥( £CN)4]? ions[M = Zn(ll) and Cd(Il)] in the vibration
spectra otomplexedl and2 are based on Jones' w¢B0]. Jones explained the structure
of the[M( £CN)4]% ions inKz[M(CN)4] compounds [M = Zn(ll), Cd(ll) and Hg(Il)],
considering them as isolateohits in T--symmetry p0]. The vibration modes of the
[M( £CN)4]? ion groups in the structures of complexieand2 are given in Table 5
together with the vibration modes of tid( £CN)4]? ion groups in théK2[M(CN)4]

compounds [M = Zn(ll) and Gd)].

When a compound is formed as a result of a chemical reaction, if neid CN
bonds are formed in that compound, as a result of the interaction of the vibrations of the
CN group and the vibrations of the newly formeeNvbond, the CN stretching vibran
modes shift to the high frequency regidibR4]. In this study, a result similar to the

situation described above emerdsde Figures 2 and.4)

In order for a vibration mode of any chemical group to be split into more than one
value, either the samgroup must have more than one property (such as different

environmental conditions or different bonding forms ...) or have different bond constants.



The existence of different bond lengths for the same chemical group requires different
bond constants fohat chemical groubf].
The splitting in these vibration modes are thought to be due to the fact that the

bond lengths of the CN groups are not exactly equal to each other (hence the bond
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constants are different), and a small amount of distortion dytymmetry of th¢gM( £
CN)4]%ion groups.From the examination of Table 3, it can be seen that the four CN
groups in the structure P ( £CN)4% involved in the formation ofomplexesl and2

are divided into two groups with two different bond lengths. Therefore, the bond constants
of these CN groups also have two different val@asiilar cases to these splitting in the
vibration modes of the CN groups were encountered in the studies ofedbarchers

[20and52]. The following conclusions can be reached from examining Table 5.

The3si( C[ Nyvibratidn mode of th&2[Zn(CN)4] compound was observed in
its Raman spectrum at 2157 €mwavenumber. This vibration mode has appeared in the
Raman spectrum @omplexl as split into two in the wavenumbers 2181 and 2163 cm
and shifted to the high wavenumber regibhe highwavenumbeshift values occurring

in this vibration mode were abo24 and 6 cm, respectively.

The vi br ag iICod Ny)omp[@EECN)R] andKo[Cd(CN)] compounds
were observed in their IR spectra at 2152 and 2145vweavenumbers, respectively. This
vibration mode appeared to split in two at 2180 and 2164 wavenumbers in the IR
spectrum otomplex1, and, aR175 and 2157 cthwavenumbers in the IR spectrum of
complex 2, and shifted to the high wavenumber region, respectivEhe high
wavenumbeshift values occurring in this vibration mode were about (28 and 12) cm

for complex1 and (30 and 12) cthfor complex 2, respectively.When Table 5 is
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examined, it is seen that the peaks of the other vibration modes are not split, but almost

all of them shift to a certain amount of higlavenumberegion.

The M-N stretching vibration peaks in the complexes synthesized by us were
obtainal in the IR spectra of these complexes as (368,and 288cm* for complex1
and (572357 and 28)lcnt? for complex2, respectively. Similar situations to these results

obtained here have been observed in previous studies by other rese8&ardSP).

From the examination of Tabf it appears that the newly obtaineammplexesl

and2 are new host structures similar to HTCS.

3.2.3. The thermal behavior ofcomplexesl and 2.

The thermal behavior alomplexesl and2 in response to the change in the temperature

of the environment they are in was invest:.
and in a nitrogen gas environment. In this study, the thermal behavior graphs of both
complexesre given in Figures @) and(b), respectivelyAnalyzing the thermal behavior

curvesof complexesl and2, it was seen that no change occurred in their structure from

room temperature to a certain temperatiitee temperatures at whidomplexesl and

2 begin to react to theemperature increase of the environment a2do d 162 AC,
respectivelyAt temperature increases after the specified temperature values, the thermal

behaviors of complexekand2 show a fourstage formation.

The temperature ranges of each decomposttiep according to the temperature
increase of the complexes, the maximum temperature value (QT®Gf this

decomposition step, the theoretically calculated values of the product separated from the

g
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crystal structure in this decomposition step and the expetally obtained values are

given in Table 6.

As can be seen from both Figure 6 and Table 6, theetompositionstep
occurred in the temperature ranges #4249A C an-R2 5196 2AC i nlasdo mp| e x e
2, respectively, and NHgroups were separated from the crystal structures in this
decompositionstep. The DTGax values and the percentage amounts of: Igkbups
separated from the crystal structures in ttésompositiorstep are 20t o 237 AC and

6.53/(6.82) to 5.71 / (6.20) for complexeand?2, respectively.

The 29 decompositiorstep occurred in the temperature ranges6é@-2425 A C
and B6-443AC i n c bamg?|respectiwely, and pyridine groups were separated
from the structures of complexes in tdscompositiorstep. The DTGaxVvalues and the
percentage amounts of pyridine groups separated from the structures of complexes in this
decompositiorstep ar845to3 61 AC and 33.67 / (33.22) to 3

1 and2, respectively.

The 3" decompositiorstep occurred in the temperature ranges4sf-4506 A C
and 447- 515A C complexesl and2, respectivel vy, and CIN gr
from thestructures of complexas thisdecompositiorstep. The DTGaxVvalues and the
percentage amounts of  Csiridturgsrofocanplexesstieisp ar at e d
decompositiorstep aret87t o 490 AC and 21. 93 J/compexes 14) t o

1 and2, respectively.

The lastdecompositiorstep or 4 step occurred in thgtructures of complexes
the temperature range84- 540 A C 2@-%&10 5AC, respectively. 1In

and Cd transition metal atoms forming tbemplexesremained in the experimental
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environment. DTGax valuesand the percent amounts of transition metals remaining in
the experimental medium in this heat treatment step3&®®3 AC and 35. 17

to 44.95 / (43.48) focomplexesl and2, respeavely.

4. Conclusion

Two new Hofmanr3AP)-Te-type host structures were chemically synthesized for the
first time in crystalline form. In addition, these host structures were characterized by
elemental analysis, SKERD, vibration spectroscopy and thernaalalysis techniques. It

was observed that these two host structures had similar crystal properties. All vibration
data of 3AP in compounds show that it is a ligand bonded from the nitrogen atom of the

pyridine ring.

It is seen that the vibration spect@hta and crystallographic data of these
comgdexes support each other in a great way. Botimplexescrystallized in the

monoclinic crystal system and in tB2/cspace group.

In the formation of the crystal structures of both compounds, the 3APs ard boun
to the Cd1 atom itranspositionfrom the nitrogen atom of their pyridine ring. In addition,
3APs contributed to the formation of the crystal structure by bonding from a hydrogen
atom of their NH group to the M atoms of tH&1( £CN)4]? group[M = Zn(ll) in 1 and

Cd(ll) in 2], with weak hydrogen bonds.

The fact that the spectral data of the two newly acquired host complexes are
similar to the spectral properties of the Hofmdnrtype host structures previously
obtained indicates that these new complexes are other new examples similar to the

HTDTCs



10

11

12

13

14

15

16

17

18

19

20

21

22

From now on, new researchers who will research on this subject can use the same

ligand molecule, other transition metal atoms, ahd ¢-€N)4]% ion group to create new

examples of HTDTCs. They can also use other aminopyridine molecules (2AP and 4AP)

or other ligand molecules to provide newer examples of HTDTCs.

Supplementary material

Crystallographic data for the structures reported in this paper have been deposited in the

Cambridge Crystallographic Data Center with CCDC numl2846784for 1 and

2046785for 2. Copies of this information may be obtained free of charge from the

Director, CCDC, 12 Union Road, Cambridge CB2 1EZ, UK (fax: -1£23336033; e

mail: deposit@ccdc.cam.ac.ok www: http://www.ccdc.cam.ac.gk
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Table 1.Crystal data and structure refinement parameters for comlexet?.

Crystal data 1 2
Empirical formula Ci14H12CdNsZn C7HeCdN4
Formula weight 470.09 258.56



Crystal system Monoclinic Monoclinic
Space group C2/c C2/c

a( ) 13.698 (3) 14.203 (3)
b ) 9.882 (2) 9.736 (2)
c@) 13.360 (3) 13.844 (3)
bU) 92.330 (6) 91.969 (7)
V(2 1807.1 (7) 1913.3 (7)
Z 4 8

De (g cnid) 1.728 1.795

e (hm 2.52 2.23

d range (29-283 2.9-28.4
Measured refls. 25591 22895
Independent refls. 1767 1869

Rint 0.037 0.032

S 1.13 0.91
R1/wR2 0.026 / 0.077 0.023/0.051



Dr max/Dr min ( e-S)

1.25/-0.47

1.12/-0.45

10

11

12

13

14 Table 2. Elemental analysis of complexgésaind?2

The HTDTCsand molecular weight Mg)

Elemental analysis, Found(%)/(Calculated)(%

C H N Zn Cd
36.93 | 245 | 23.19 | 13.63 | 23.49
[CA(3APYZ n §@N)n; M, = 470.10
(35.77) | (2.57) | (23.84)| (13.91) | (23.91)




Cd(11)0.5(3AP)Cch 5(CN); M = 258.56

[CA(BAPXC d §-@N)a]n; M, = 517.12

31.69

(32.52)

2.48

(2.34)

21.82

(21.67)

()

42.39

(43.48)

10

11

12

13

14

15

16 Table 3. Selected bond distances and anfiiesomplexed and2 (j ,

Complex1

Cd1-N1 2.323(3)

Cd1-N3

2.327(3)

U)




Cd1-N4"

Zn1-C6

C7-N4

N1-Cd1-N3'

N1-Cd1-N4i

N1-Cd1-N4ii

C7-Zn1-C6Y

C6-N3-Cd1

Complex2

Cd1-N3

Cd1-N4'

Cd2C7

C7-N4

N3-Cd1-N1

N3-Cd1-N4i

N1-Cd1-N4'

C6-Cd2C7

C6-N3-Cd1

2.399(3)

2.038(3)

1.129 (4)

91.32(10)

88.82(11)

91.18(11)

111.37(12)

167.8 (3)

2.313(3)

2.381(3)

2.218(3)

1.129 (4)

90.51(11)

89.33(12)

89.98(11)

102.91(12)

167.7 (3)

Znl1-C7

C6-N3

N1-Cd1-N3

N3-Cd1-N4'

C7-Zn1-C7V

C7-Zn1-C6

Cdi-N1

Cd2C6

C6-N3

N3-Cdi1-N1

N3-Cd1-N4ii

C6-Cd2C7"

C7-Cd2C7V

2.037(3)

1.127 (4)

88.68(10)

88.74(11)

114.76(18)

104.22(12)

2.339(3)

2.211(3)

1.128 (4)

89.49(11)

90.67(12)

110.28(12)

116.15(17)
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Symmetry codes: (Bx+1/2,-y+3/2,-z+1; (i) X, -y+1, z1/2; (iii) -x+1/2, y+1/2,-2+3/2;

(iv) -x+1, y,-z+3/2. forl; (i)

1z+3/ 2;

(iv)

Tx+1/ 2,

T +1,

Yy,

Ty+1/ 2,

z+3/ 2

f

Tz+1;

or

(i)

Table 4. The vibrational absorption wavenumbers {graf the solid 3AP in solid state

and complexe$ and2.

No

3AP

X



Assignment IR
a IR Raman| IR o |Raman| (04]
1 | 3.dNH2) 3373 s| 3387w | 3484m| +111| 3392w | +5 3474m| +101
2 | 3(NHy) 3304m| 3319w | 3393 s| +89 | n.o. N.d. | 3387 s| +83
3 |3 (-9 3066w | 3071m| 3059w 3059w 3058w
4 |3 (- 3035w | 3046w | 3034w 3036w 3031w
5 | U NH) 1633m| 1649w | 1627 s| -6 1626w | -23 | 1627 s| -6
3ring + 1584 s| 1604m| 1585 s 1599m 1584 s
6
iad( CH)
7 | 3iing 1486 s| 1501w | 1495 s| +9 1510w | +9 1494 s| +8
i ( CH) |1433s| 1451w | 1450 s 1450w 1449 s| +16
8 +17 -1
3ring
9 |U( CH) 1347w | 1364w | 1354w 1362w 1354w
3(c-NH2) + 1291 s| 1306w | 1316 s 1304w 1304 s| +13
10 +24 -2
3ring
11 | 3ring 1260 s| 1271w | 1269m| +9 1266w | -5 1267m| +7
ad( CH) |1195w | 1209w | 1199w 1202w 1199m
12
3ring
0d( CH) |1125m| 1141w | 1137m 1135w 1137 s| +12
13 Bring + +12 -6

G ( CNH




NHztwist + | 1091m| n.o. 1110w 1112w 1111w
14
3ring
Ring bre., | 1042m| 1060 s| 1056w | +14 | 1056 s| -4 1056 s| +14
3ring T
15
G(CH)
id( CNH
16 | Gmg+ mg | 1014w | 1028m| 1020m| +6 | 10255 -3 | 1020m| +6
17 | 9(CH) 963 m [980s | 964 w 961w 966 w
18 | 9(CH) 908 w | n.o. 910 w 915w 912 w
19 | 5(CH) 871 m | n.o. 893w |+22 [ 888w | N.d.|895m | +25
9(CH) + 843 m (842 m | 853 w 854 w 851m | +8
NH2)
9(CH) + 797s [815m | 796 s 796 w 796 s
21 | 9ring + O(c-
NH2)
Jring + 702s | 734 696 s 687 w 696 s
22
9(CH) VW
23 | Uiing 623 m | 643w | 649 m 648 m 648 m
Uing+ NH2 | 537 w | 559 w | 545 w 552 m 545 w
24 | wag. +9c-

NH2)
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11

12

13

NHzwag. +| 510 w | n.o. n.o. n.o. n.o.
25 | 9(cNH2)+
ring
J(CNH2) + 453w | 402w | 515w 516 w 514 m | +61
26 | NH2wag. + +62 +114
Jring
27 | 9(C-C-C) 375w | 385w | 417 w 415 m 415 m
346w | 375w | 362 w 389 377
28 | 9(C-C-N)
VW
29 | 9(C-NH>) - 255w | - 247 w -
3 stretchingd bendi ng, 2 in plane bending,

strong, vw: very weak, n.onot observed, N. d.: no dataput of review area? Taken

from Ref. B1].
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Table 5. The some vibrational wavenumbers (&nof [M( £CN)4]% groups[M = Zn(ll)

and Cd(Il)]in complexedl and2.

Assignment | Ko[Zn(CN)4] | K2[Cd(CN)] 1 09) 2 ®
(2181
(+24)| () ©)
s( CI N) , | (2157) (2149) m)
(+6) | () ©)
(2163 s)

2180 m | +28 |2175s | ¥30

3s( CI Np) , | 2152 2145
2164m | +12 |2157s | T12

Hot band N. d. N. d. 2145sh | N. d. | 2129 sh | N- d.
2(M-C), A | (347) (327) (389 W) | (+42)| () ()
3] 3 (CM

359 316 384s |+25 |342s |17
a( Mg, F
37 3 (CM

315 250 347w | +32 |283w | *33
a( Mg, F

30[U NICN)], F1 | 230 194 269w | +39 |- -




N

w

Raman bands are given in parenthesesstretching,u :bending, s: strong, m:

medium, w: weak, sh: shouldéd, d.: no data;: out of review area Taken from

Ref. 50].

Table 6. Decomposition steps of complexeand?2 due to temperature increase.

Thermal range

Thermal decomposition steps of complegesd2

(6.82)

DTGmax and
Complexes Decomposition

product in
steps 15t step 2" step 3" step 4" step
Thermal 142-249 | 262-425 445- 506 524 - 540
ranges
DTGmax ( A C| 220 345 487 536

1 Decomposition| NHz2 group | Pyridine ring| CN group Zn + Cd
product
Found % / 653/ 33.67 / 21.93/ 35.17/
(Calc.%) (33.22) (22.14) (37.82)
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Thermal 162-259 | 266- 443 447- 515 525- 560
ranges

DTGmax( A C| 237 361 490 543
Decomposition| NH2 group | Pyridinering | CN group Cd
product

Found % / 5711/ 31.09/ 20.43/ 44,95/
(Calc.%) (6.20) (30.20) (20.12) (43.48)
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Figure 1. The molecular structures of complexeand2 [M = Znl in 1 and Cd2 in2]
showing the atom numbering schemes. [(i}4,/3/2y, 1-z for 1 and [() 1/2-x, 1/2-y, 1-
z for 2]
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Figure 2. An infinite 3D structurein 1 and?2.
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Figure 3. The NHE M interactions [M = Zn1 il and Cd2 ir2] in 1 and2.
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Figure 4. T h e

(b)

vV i e ws-type tavitiés amaurdng i complexésand?2 (a)

without 3AP, and (b) with 3AP.
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Figure 5. The vibrational spectra of 3AP (a), (b); compleic), (d) and FTIR spectra of

complex2 (e).



