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Nikotinamid (NA) nikotinik asitin bir formudur. Baz1 benzoik asit tlirevleri koordinasyon
modlarindaki degisiklikler nedeniyle iki fonksiyonlu organik ligandlar olarak koordinasyon
kimyasinda genis Ol¢lide rapor edilmislerdir. Benzoik asit tiirevlerinin gecis serisi metal
komplekslerinde arilkarboksilat iyonunun yapi-fonksiyon-koordinasyon iliskileri benzen
halkalarindaki stibstitiient gruplarinin dogalarma ve konumlarma, ilave ligand molekiillerin
veya c¢Oziciilerin dogalarina ve sentez sicakliklar1 ile pH degerlerine bagli olarak

degisebilirler.

Benzoat ligandlar1 gecis serisi metallerine oksijen atomlar1 araciligiyla tek disli
(monodentate) veya cift disli (bidentate) olarak baglanabilirken nikotinamid ligandlari

gecis serisi metallerine sadece piridin azot atomlar1 araciligiyla tek disli olarak baglanirlar.

Bu tez calismasinda, nikotinamid ve/veya benzoat ligandlarmmi igeren bazi gegis serisi
metal komplekslerinin molekiil ve kristal yapilari, tek kristal X-1sm1 kirinimi yontemiyle

belirlenmistir.



Siddet verileri Bruker SMART BREEZE CCD difraktometresinde toplanmistir. Toplanan
veriler, WinGX paketi igerisinde bulunan SHELXS97 ve SHELXL97 programlari
kullanilarak degerlendirilmislerdir. Olas1 molekiiller aras1 ve molekiil i¢i etkilesimleri
bulmak i¢in PARST ve PLATON programlar1 kullanilmistir. Kimyasal ve molekiiler
diyagramlar CHEMWIN ve ORTEP 3 programlari ile ¢izilmistir.

Kristallere ait birim hiicre parametreleri, uzay gruplari, atom koordinatlari, anizotropik yer
degistirme parametreleri, atomlar arasindaki bag uzunluklar1 ve agilari, torsiyon agilari ile
dihedral agilar belirlenmistir. Incelenen yapilarin iki adedinde diizensiz atomlarin
bulundugu saptanmistir. Coziilen yapilarm {ic adedinin simetri merkezine sahip oldugu ve
ligandlarin metal atomlar1 ile tek disli veya iki disli olarak baglandigi belirlenmistir.
Incelenen tiim kristallerde, karboksilat gruplarindaki C-O bag uzunluklarinm yakin
olmasindan dolay1 lokalize tek veya cift baglar yerine delokalize baglanma diizeninin
hakim oldugu belirlenmistir. Yapist ¢oziilen 6rneklerin altisinda gegis serisi metalleri
etrafinda hafifce bozulmus oktahedral koordinasyon kiiresinin oldugu gbézlenmistir. Olas1
molekiil i¢i ve molekiiller arast hidrojen baglari, C-H--'n ve n—n etkilesimleri saptanarak

hidrojen baglarinin neden olabilecegi halka motifleri belirlenmistir.
Tez calismasinda, kristal yapilar1 ¢oziilen komplekslerin makaleleri Science Citation Index

(SCJ) tarafindan taranan Acta Crystallographica, Section E’de yayimlanmaistir.

Anahtar Kelimeler: Kristal yap1, nikotinamid, gecis serisi kompleksleri, benzoik asit.
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ABSTRACT

THE CRYSTAL STRUCTURE ANALYSES OF SOME Co(Il),
Zn(II) AND Mn(IT) COMPLEXES WITH NICOTINAMIDE
AND/OR BENZOATE LIGANDS

Giilcin Sefiye ASKIN
Master of Science, Department of Physics Engineering
Supervisor: Prof. Dr. Tuncer HOKELEK

January 2017, 139 pages

Nicotinamide (NA) is one form of niacin. Some benzoic acid derivatives have been
extensively reported in coordination chemistry, as bifunctional organic ligands, due to the
varieties of their coordination modes. The structure-function-coordination relationships of
the arylcarboxylate ion in trasition metal complexes of benzoic acid derivatives may
change depending on the natures and positions of the substituent groups on the benzene
rings, the natures of the additional ligand molecules or solvents, and the pHs and

temperatures of syntheses.

While benzoate ligands may coordinate to transition metals through the oxygen atoms
monodentately or bidentately, nicotinamide ligands coordinate to transition metals only

through the pyridine nitrogen atoms monodentately.

In this thesis, the molecular and crystal structures of some transition series metal
complexes containing nicotinamide and / or benzoate ligands were determined by single

crystal X-ray diffraction method.
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The intensity data of the complexes were collected on a Bruker SMART BREEZE CCD
diffractometer. The collected data were processed by SHELXS97 and SHELXL97
programs incorporated in the WinGX package. PARST and PLATON programs were used
to determine the possible intermolecular and intramolecular interactions. Chemical and

molecular diagrams were drawn by CHEMWIN and ORTEP 3 programs.

Unit cell parameters, space groups, atomic coordinates, anisotropic displacement
parameters, bond lengths and angles between atoms, torsion angles together with the
dihedral angles of the crystals were determined. It had been determined that there were
disordered atoms in two of the structures to be solved. Three of the structures solved were
centrosymmetric. It has been determined that ligands are bonded to metal atoms
monodentately or bidentately. It was also determined that in all of the structures, the near
equalities of the C-O bonds in the carboxylate groups indicated delocalized bonding
arrangements rather than localized single and double bonds. It was observed that in six of
the structures the coordinations around the transition metal atoms were slightly distorted
octahedrals. By taking into account the possible intra- and intermolecular hydrogen bonds
together with the possible C-H:-m and n—n interactions, the possible ring motifs were

determined.

The solved structures were reported in Acta Crystallographica, Section E indexed by Web

of Science.

Key Words: Crystal structure, nicotinamide, transition series complexes, benzoic acid.
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1. GIRIS
X-1511 kirmimi yontemiyle bir bilesigin molekiil ve kristal yapilar1 bulunabilir. Bu yontem
vasitastyla molekiiler yapidaki atom konumlari, atomlar aras1 bag uzunluklar1 ve agilari,

atomlarin olusturdugu diizlemler ve bu diizlemler arasindaki dihedral agilar gibi molekiiler

yap1iy1 tanimlayan bilgileri elde edebiliriz.
1.1. Arastirmanin Amaci ve Onemi

Nikotinamid (NA) nikotinik asitin bir formu olup bu vitaminin eksikligi pellagra hastaligi
olarak bilinen viicuttan bakir kaybina yol acar. Pellagra hastaligina yakalananlar yiiksek
diizeyde serum ve iiriner bakir diizeyleri gosterirler [1]. NA halkasi, nikotinamid adenin
dintikleotid (NAD) ve bunun fosfatt (NADP) nin reaktif kismi olup NAD ve NADP
pekcok biyolojik oksidasyon-indirgeme reaksiyonunda ana elektron tasiyicilaridirlar [2].

Nikotinik asit tiirevi N, N-dietilnikotinamid (DENA) ise 6nemli bir nefes acicidir [3].

Biyokimyasal molekiillerin gegis serisi metal (Co", Zn" ve Mn") kompleksleri, biyolojik
sistemlerde potansiyel uygulamalariyla ilging fiziksel ve / veya kimyasal ozellikler

gosterirler [4].

4-Aminobenzoik asit gibi bazi benzoik asit tiirevleri, koordinasyon modlarindaki
degisiklikler nedeniyle iki fonksiyonlu organik ligandlar olarak koordinasyon kimyasinda

genis Ol¢iide rapor edilmislerdir [5-7].

Benzoik asit tiirevlerinin gegcis serisi metal komplekslerinde arilkarboksilat iyonunun yapi-
fonksiyon-koordinasyon iliskileri benzen halkasindaki siibstitiient gruplarmin dogalarina
ve konumlarmna, ilave ligand molekiillerin veya c¢oziciilerin dogalarina ve sentez
sicakliklar1 ile pH degerlerine bagli olarak degisebilirler [8-11]. Su molekiilleri yerine

piridin ve tiirevleri kullanildig1 zaman yap1 tamamuyla farklhidir [12].

Benzoat ligandlar1 gegis serisi metallerine oksijen atomlar1 araciligiyla tek disli veya ¢ift
disli olarak baglanabilirken nikotinamid ligandlar1 gegis serisi metallerine sadece piridin

azot atomlar1 araciligiyla tek disli olarak baglanirlar [13].

Bu tez calismasinda NA ve / veya benzoat ligandlar1 iceren gegis serisi metal (Co", Zn" ve
Mn') komplekslerinin tek kristal yapi analizleri, NA ve/veya benzoat gruplarmm ligand
ozelliklerini saptamak ve elde edilen sonucglar1 daha 6nce rapor edilenlerle karsilastirmak

amaciyla yapilmistir.



1.2. Arastirmanin Yontemi

Bu tez calismasi sirasinda kullanilan tek kristallerin tiimii Kafkas Universitesi, Kimya
Boliimiinde sentezlenmistir. Sentezlenen bilesiklerin tek kristal kirmim verileri Aksaray
Universitesi, Bilimsel ve Teknolojik Uygulama ve Arastirma Merkezi’nde bulunan Bruker
SMART BREEZE CCD Difraktometresiyle toplanmistir. Toplanan siddet verileri
SHELXS-97 [14] programiyla degerlendirilerek bilesiklerin molekiil yapilar1 ¢oziilmiistiir.
Bu yapilarm aritimi i¢in ise SHELXL-97 [14] programi kullanilmistir. Molekiiler
diyagramlar Ortep 3 [15] programiyla ¢izilmistir. PARST [16] ve PLATON [17]
programlariyla molekiil ve kristal yapilar1 aydinlatilan bilesiklerin olas1 dihedral agilari,

hidrojen baglari, C—H- - & ve n- - -1 etkilesimleri arastirilmistir.
2. X-ISINI KIRINIMI

2.1. X-151m1 Kirinnma ve Bragg Yasasi

Max von Laue 1912°de X-1sinlarmin kristaller tarafindan kirinima ugradigimi gostermistir.
Ayni yillarda Bragg ve oglu tarafindan bu teknik gelistirilmistir. Laue, kristallerde X-151n1
kirmiminin olusmasi igin: a) kristallerin, X-1smi1 i¢in sagilma merkezleri gibi hareket eden
diizenli araliklara sahip atomlardan olusmasi; b) X-1ginlarinin kristallerdeki atomlar arasi
uzakliga esit dalga boyunda elektromanyetik dalgalar olmasi1 gerektigini ongormiistiir [18].
Laue, kristalin ii¢ boyutlu kirmim kafesi gibi davrandigi fikrini benimserken Bragg ve
oglu, kristalleri yansitma diizlemleri gibi davranan atomlarin katmanlarmni ya da
diizlemlerini igerdigini diisiinmiislerdir. Gili¢li yansiyan 1smlar, ardigik diizlemler
takimindan gelen yansimalar arasindaki yol farklari dalga boylarinin tam katlara esit

oldugu zaman iiretilmektedir [19].
2.1.1. Bragg Yasasi

Diizlemleraras1 uzaklik (d), tist ve alt diizlemlerden yansiyan ismlar i¢in yol farkini
belirler. Sekil 2.1.a’da yol farkmm 2d sin 0 oldugu gdsterilmistir. Ust ve alt diizlemlerden
yansiyan 1sinlar i¢in yol uzunlugu farki bir dalga boyuna esit olursa yapici dalga girisimi

olusur. Buradan Bragg esitligi,

nA=2d sinf
ile verilir. Burada A X-1smin dalga boyu, n (yansima veya kirinim derecesi) tamsayi, 0

Bragg acisidir. Bragg yasasinin hkl Miller indisleriyle iliskisi,

nA=2 dhkl sinf



seklinde gosterilir. n normal olarak 6rgii diizlemi sembolii i¢ine dahil edilir. Yani,

d
A=2 (%) sin® =2 d,p, .4 o Sin 0

nh nk nl, dny/n yanstyan diizlemlerin araligi icin Laue indisleridir [19, 20].

Egit faz cepheleri

A

d si'n() d sin®

Sekil 2.1. Diizenli olan durum i¢in Bragg yasas1 [20].

2.2.Kirimim Demetlerinin Siddetlerini Etkileyen Faktorler

Analiz edilebilen kirmima ugrayan 1smlarin siddeti, I, birim hiicredeki atomlarin yerlerini

verir. Bir kristalin hkl Miller indislerine sahip diizleminden kirinan X-1smlarmin siddeti,

I(hk)=K-L-p-T-A-|F(hkl) |?
ile verilir. Burada L Lorenzt faktorii, p kutuplanma (polarizasyon) faktorii, K skala faktor,

T sicaklik faktorii, A sogurma faktorii ve |[F(hkl)| yap1 faktori genligidir [21].

2.2.1. Yapi Faktorii

Bir kristal kendini tekrar eden ve atom dagilimlar1 ayn1 olan birim hiicrelerden olusur. Bu
kristalin bir birim hiicresine X-151m1 gonderildiginde hiicre i¢inde bulunan atomlarin her
birinden ayr1 bir kirmim olusur. Bu nedenle her atomun kendilerine ait ayr1 atomik sagilma
faktorleri (f) bulunur. Olusan tiim kirinim dalgalar1 arasinda faz veya yol farklar1 olusur.
Bunlar toplanarak birim hiicredeki sac¢ilmayi ifade eden yap1 faktorii, F(hkl), elde edilir.
F(hkl), sadece hkl indisli yansiyan diizlemden sagilan genlikleri degil, ayn1 zamanda

sagilan dalganin faz agisini da igermelidir [19]. Bir h, k, 1 yansimas1 i¢in yap1 faktor,

N

F(hk1)=|F(hkl)| ei¢kD= Z £, expl2mi (hxgrky, +1z; )
=

ile ifade edilir. Burada |F(hkl)| birim hiicreden sagilan dalganin genligi, ¢p(hkl) faz agisi, N
atom sayist olup atomik sagilma faktort, f;e, j. atom i¢cin Bragg agisina, 0’ya, bagimlidir.
Yapi faktorii boyutsuz bir skaler biiytlikliiktiir. Atomik koordinatlar kesirsel degerlerdir ve
birim hiicrenin boyutundan bagimsizdir [21]. Yap1 faktorii, karmasik bir say1 olarak da

tanimlanabilir. Bu nedenle yap1 faktort,



F(hkl) = A (hkD) + iB(hkl)

seklinde yazilabilir. Burada sanal ve gercek bilesenler,

N
A(hkl) = Z fj cos 2m(hx; + ky; + 1z;)
=1

\

N
B(hkD) = ) f; sin 2n(hx; + ky; + 12;)

j=1

olarak tanimlanir [20].

Kristal yapmin belirlenmesinde karsilasilan sorunlardan birisi uzay grubunun simetri
merkezinin olup olmadigidir. Simetri merkezi olan bir yapmin birim hiicresinde N tane
atom varsa, bu durumda kesirsel koordinatlar1 (xyz) ve faz agis1 + ¢ olan her atom i¢in,
kesirsel koordinatlar1 (XyZ) ve faz agis1 - ¢ ile orijinin karg1 tarafinda simetrik bir baska
atom daha olacaktir. Bu atomlarin yap1 faktoriiniin gergek bileseni,

N/2

A'(hkl) = Zf] [cos Zn(hxj + ky; + lzj) + cos 2n(—hxj —ky; — lzj)]

J
N/2

=2 Zf] cos 21‘[(hXj + ky; + lzj)
j=1
seklinde elde edilir. Burada j, simetri merkezi ile ilgisi olmayan birim hiicredeki N / 2 tane

atom tizerinden yapilan toplamadir. Yap1 faktoriiniin sanal bileseni ise,

N/2

B(hk) = )" f; [sin 2m(hx; + ky; + 12;) + sin 2e(—hy; — ky; = 17;)] = 0
=1

seklindedir. Yukaridaki esitliklere, herhangi ¢ faz acis1 i¢cin cos(— ¢) = cos ¢ ve sin(— ¢)

= — sin ¢ Ozdesliklerinden yararlanilarak ulasilmistir. Bu durumda yap1 faktorii,
A'(hkl) = F(hkl)
olup ve ¢(hkl), 0 ya da  degerlerini alabilir. Bu nedenle faz agis, |F(hkl)|’ye pozitif ya
da negatif bir isaret olarak eklenir. Merkezi simetrideki yansimanin isareti s(hkl)’yi
kullanilarak yap1 faktorti,
F(hkl) = s(hkl)|F(hkl)|
seklinde yazilabilir [22].



2.2.2. Lorentz faktorii

Difraktometre yonteminde, kristalin donmesi sirasinda tiim ters orgii noktalari, Ewald
yansima kiiresinden farkli siirelerde gecer. Bu nedenle Lorentz faktorii kullanilarak bir
Bragg yansimasinin yansima kiiresinin yiizeyinden ge¢mesi i¢in gereken siire hesaplanir.
Zaman ne kadar uzun olursa, siddet o kadar yiiksek olur. Lorentz faktorii (L), kirinim
geometrisine ve sagilma agisina baglidir ve difraktometre yontemi i¢in,

1
L:
sin20

ifadesi ile tanimlanir [21, 22].
2.2.3. Kutuplanma (polarizasyon) faktorii

Normal olarak X-1s1n1 tiiplinden ¢ikan X-1511 demeti kutuplanmamistir. X-1sinlari, kristal
diizlemi iizerinden yansiyarak kismen kutuplanirlar ve Bragg yansimasinin siddetini
azaltirlar. Gelen X-1s1nlar1 icerisindeki elektrik alan vektorleri, kristalde herhangi bir yonde
yayilabilirler. Sacilma diizlemi yiizeyine paralel olan elektrik alan vektori (m / 2) — 260
acistyla yansirken, bu diizleme dik olan elektrik alan vektorii ise @ / 2 agistyla sogurulur.
Bununla beraber, siddet genligin karesiyle orantilidir. Boylece kutuplanma faktori,
p={sin” (g) +sin? [(g) 20|} 2=(1+c05220)/2
ifadesi seklinde elde edilir. Kutuplanma faktorii, gelen X-1sminin kutuplanma durumuna ve

kirmnan 1s1nin sagilma agisma baghidir [21, 23, 24].

Lorentz faktorii (L) ve kutuplanma faktorii (p) geometrik faktorler oldugundan genellikle
tek bir Lp faktori olarak birlestirilir. Lp faktort,

_ l+cos*20
~ 2sin20
ile verilir. Olgiilen elektrik alan (E), (Lp)'l ile carpilir. L aletin geometrisine bagliyken

Lp

kristal yansitmiyorsa p sadece 0’ya baghdir [25].
2.2.4. Sogurma faktorii (A)

X-1ginlar1 bir materyalden gectiginde siddetleri, bir kismi atomlar tarafindan sogurmayla
zayiflarken diger kismi hicbir etkilesme yapmadan kristalden gecerler. Gelen ve kirinan
isinlar, farkli yansimalar i¢in kristalde farkli ortalama yol uzunluklarma sahip olduklari
icin sogurmada 6nemli bir problem olustururlar. Sonug olarak, bu yansimalar sogurmadan

farkli derecede etkilenirler ve gozlemlenen yogunluklarda sistematik bir hata olusurlar.



Kristalin sekli tam olarak biliniyorsa, bu etki i¢cin hesaplanmis bir diizeltme yapmak

miimkiindiir [23]. Indirgenmis sogurma faktorii (A),

1
A= Vje'“LdD

ile verilir. Burada V birim hiicrenin hacmi, p lineer sogurma katsayisi, L dv hacimden
kirinan 1smin kristaldeki yol uzunlugu ve v kristalin hacmidir. G6zlenen toplam elektrik
alan (E), teorik degeri elde etmek icin A* = A™ ile carpilmalidir. A’nmn, basit geometrik
formlar disinda hesaplanmasi zordur. Eger kristalin sekli yeterli dogrulukta belirlenirse

bilgisayarla hesaplanabilir [25].
2.2.5. Sicakhik faktorii

Katidaki atomlar, sicaklikla artan bir genlikle denge konumlarinda titresirler. Bu titresimin
sonucu olarak koherent sacilma i¢in genlik, titresen atom i¢in olasilik dagilimmin Fourier
dontistimii ile saptanir. Bu genlik sicaklik faktorii olarak bilinir. Koherent sa¢ilmanin
siddetindeki azalmaya, termal dagmik sagilma eslik eder. Gelen ve kirman demetler
arasindaki faz iligkisi termal dalgaya gore degistirilir [26]. Termal etkilerin atomik sagilma
faktori ile iliskisi,
f= foe-B(sin2 0) /22
ile verilir. Burada B = 8 7 u? izotropik sicaklik faktorti, u2 atomik titresim genliginin kare

ortalamasidir [23].
2.2.6. Skala faktorii

Skala faktorii, K, kristalin biiyiikliigiine, 151 siddetine ve birkac temel sabite baglidir.
Normal olarak herhangi verilen dl¢timler dizisi i¢in sabittir. Kesin degeri sadece | F |’lerin
mutlak biytikliikleri istendigi zaman onemlidir. Genellikle, bu terim veri indirgeme
hesaplarinda kullanilir ve hesaplanmis yapr faktorii genlikleri, | F. |, elde edilir. Skala

faktoriinii F, ve F, cinsiden yazarsak,

|F|=K?|Fy| = /T /Lp

elde edilir. Burada | F, | 6l¢iilen, | F, | hesaplanan yap1 faktorii genlikleridir. Yap1 analizi

K= IFI /Y IF|

hkl hkl

srrasinda K’nin basit hesabi,

ile yapilir. Toplamlar F, ve F.’nin mevcut olan tiim verilerini icerir. Normal olarak K en

kii¢iik kareler aritiminda ayarlanir [22, 23].



2.3. Kristal Yapilar
2.3.1. Giris

Ideal kristal; atom, molekiil veya iyonlarm ii¢ boyutlu uzayda periyodik olarak
diizenlenmis halidir. X-1smlar1 kristaldeki atomlar arasindaki uzaklikla kiyaslanabilir dalga
boyuna sahiptir. Boylece bir kristal, i¢ diizenliliginden dolay1 x-1smnlar1 i¢in {i¢ boyutlu bir
kirinim ag1 gibi davranir. Olusan x-151n1 kirinimiyla molekiillerin yapis1 hakkinda bilgi

edinebilinir [21].
2.3.2. Nokta Gruplan ve Uzay Gruplan

Nokta gruplar1 kristalleri tanimlarken, uzay gruplar1 kristallerdeki atomik diizenlemeleri
tanimlar [21]. Eger kristallerin yiizeyleri ideal bir kat1 sekli tanimlayan diizlemler olarak
disiiniiliirse, kristal yiizeyleri, orgiilerde bulunan simetri operatorleri (donme eksenleri,
yansima, donme-terslenme eksenleri) ile ilgilidir. Bu nedenle, kristaller, yiizeyleri ile ilgili
simetri iglemleri grubuna gore smiflandirilabilirler. Bu gruplarin her biri nokta grubu
olarak bilinir. 32 nokta grubu bulunmaktadir [23]. Nokta gruplarinin simetrilerine ek
olarak oOteleme simetrisinin de (vida eksenleri ve kayma diizlemleri) oldugu 14 Bravais
kristal orglistiniin birlesimiyle 230 uzay grubu elde edilir. Bir kristalin uzay grubunun
tespiti, birim hiicrenin igerisindeki bazi simetriyi ac¢iga ¢ikarmasindan dolay:r onemlidir.
Ayrica uzay grubu tespiti, desenin farkli boélgelerinin (ve kristaldeki atomik

diizenlenmenin) ayn1 oldugu bilindiginde kirinim deseninin analizini basitlestirir [21].

3. KRISTAL YAPI ANALIZi

3.1. Kristal Yapimin Coziimii
3.1.1. Faz Sorunu ve Elektron Yogunlugu

Gozlenen yapr genliklerinden hesaplanan elektron yogunlugu bir kristalin birim
hiicresindeki atomlarin dagilimmi gosterir. Hacmi V. olan bir birim hiicrede x, y, z
noktasindaki elektron yogunlugu,

[ee]

p(xyz)= VLC Z Z Z F(hkDexp [-2mi(hx+ky+lz)]

tiim hkl

ile verilir. Burada F(hkl) yap1 faktorii ve h, k, 1 Miller indisleridir. Toplamlar h, k ve 1
indislerinin tiim degerleri tizerinden alinmistir. Bu nedenle, her Bragg yansimasmin hkl'ye

ek olarak, tiim indislere karsilik gelen -h, -k, -1 karsit isaretleri vardir. Her terimin



biiytikligt, (A (hkl), B (hkl), cos ve sin), genellikle indisleri hkl olan bir Bragg yansimasi

icin -h, -k, -1 indisleri ile aynidir. Yani Friedel yasas1 saglandiginda elektron yogunlugu,

1 o0
p(xyZ)ZV—Z Z ZIF(hkl)I cos [2n(hx+ky+17) (k)]

tiim hkl

ile verilir. Eger her bir h, k ve | i¢in yap1 faktorii genligini |[F(hkl)| ve fazin1 ¢(hkl) bilirsek,
X, y ve z’nin tiim degerleri i¢in p(X,y,z) hesaplanabilir. Ayn1 zamanda elde edilen
degerlerle iic boyutlu bir elektron yogunlugu haritast c¢izilebilir. Daha sonra, atom
cekirdeginin pik merkezlerinde oldugu varsayilirsa tiim yap1 bilinir. Dogrudan deneysel
Olglimlerden sadece yapi faktorii genlikleri |F(hkl)| bulunurken faz acilar1 ¢(hkl)
bulunamaz. Buna faz sorunu denir. Genellikle, ¢(hkl) degerleri, ya uygun deneme
yapilarindan hesaplanan A (hkl) ve B (hkl) degerlerinden ya da tamamen analitik
yontemler kullanilarak tiiretilmelidir. Uygulamada, elektron yogunlugu haritalar1 igin
tahminler, deneysel olarak gozlemlenen |F(hkl)| degerleri ve hesaplanan ¢(hkl) degerleri ile
hesaplanabilir. Deneme yapisi ¢ok hatali degilse, harita dogru elektron yogunlugu
haritasinin anlamli bir gosterimidir ve yapi, gozlemlenen ve hesaplanan |F(hkl)|

degerlerinin en 1yi formunu elde etmek i¢in aritilabilir.

Giivenilirlik indeksi R, bir yap1 belirlenmesindeki dogruluk derecesinin bir 6l¢iisiidiir.
Bunun i¢in deneysel olarak gozlemlenen yap1 faktorii genliklerinin 6nerilen bir deneme
yapist i¢in hesaplanan degerlerle ne kadar uyum gosterdigi hesaplanir. Giivenilirlik
indeksi,

~ SIAF-IRD]
R =3aED

ile verilir. Deneme yapis1 dogru yapiya yakinsa aritim devam ettikge R degeri diiser.
Kiiciik molekiillerin giivenilir sekilde belirlenmis yapilar1 igin R degeri 0.02-0.06
araligindadir. Aritilabilir bir deneme yapisinin R degeri 0.25 ile 0.35 arasinda veya biraz
daha yiiksek olabilir. Bu da dogru yap1 ¢oziimiine yaklasildigini gosterir. Eger agir bir
atom mevcutsa, R'nin basglangic deneme degeri daha diisiik olabilir. Ciinkii bu atomun
konumu genellikle erken bir asamada kabul edilebilir derecede iyi belirlenebilir ve

normalde agir atom sagilmaya hakim olur [21].
3.1.2. Direkt Metotlar

Direkt metotlarin gelistirilmesi iki 6nemli kaynaga dayanmaktadir. Bunlardan biri, Bragg

yansimalarmin siddetleri, atomlar1 temsil eden piklerin birbirinden (atomiklik ilkesi) 1yi bir



sekilde ayrildiklar1 zaman yap1 bilgisini icermesidir. Digeri ise elektron yogunlugu pozitif

olmalidir (pozitiflik ilkesi).

Direkt metotlar, X-1s1m1 kirinim desenindeki siddetlerden yararlanarak faz bilgisine ulasilir.
Bu fazlar, atomik pikleri ve pozitif elektron yogunlugunu verecek sekilde sinirlanir. Bu da
direkt metotlarin, atomiklik ve pozitiflik ilkeleri nedeniyle yogunluk dalgalarmin faz

acilarindaki kontrolii matematiksel bir problem olarak goriilebilecegi anlamina gelir.

Simetri merkezi ve simetri merkezi olmayan yapilarda Bragg yansimalarmnin olasi faz
acillarmda  smirlamalar  vardir. Bu, elektron yogunlugundaki kisitlamalardan
kaynaklanmaktadir ve bu birim hiicre boyunca negatif olmamalidir. Buna ek olarak ayr1 ve

yaklasik kiiresel pikler (atomlar) icermelidir.

Elektron yogunlugunun pozitiflik ilkesi iic boyuta kadar genisletilebilir. David Sayre,
6zdes atomlardan olusan bir kristal icindeki p(r) ve p*(r) fonksiyonlarmm goriiniis
acisindan benzer olduklarimi belirtmistir. Bu iki fonksiyon arasindaki iliskinin ve bunlarin

Fourier doniisiimlerinin analizlerinden yola ¢ikilarak,

z Z Z F(K)F(H-K)=VsF(H)

bagintis1 elde edilmis ve buna Sayre denklemi denmistir. Burada H = h, k, 1; V birim
hiicrenin hacmi, K = h, k,1; s hkl Bragg yansimasinmn isareti olup toplamlar tim K
degerlerinin lizerinden almir. Simetri merkezli bir yapida Bragg yansimalariyla iliskili ¢

siddet icin isaretler arasindaki iligki,

sF(H) = sF(K) sF(H+K)
seklindedir. Burada sF F’nin isareti, H+ K=h+h, k+k, 1 + 1, F yap: faktorii ya da E
normalize yap1 faktorii degeridir. Bu tiir iliskilerden hemen hemen tiim gii¢lii Bragg
yansimalar1 i¢in fazlar tiiretmek ve sonug¢ olarak olusan elektron yogunlugu haritasindan
yapmin bir yaklagimini saglamak miimkiindiir. Simetri merkezi olmayan yapilar i¢in de

benzer yontemler mevcuttur [21].

3.1.3. Patterson Metodu

Patterson metodu, agwr atom bulunan molekiillerin {i¢ boyutlu yapilarin1 ¢6zmek icin
kullanilir. Bunun yan1 sira, direkt yontemlerle ¢6ziilemeyen yapilar i¢in Patterson metodu
kullanilabilir. Patterson metodu, yalnizca her kirmnim demetinin indislerinin (h, k, I) ve
yap1 faktorii genligi, |F(hkl)|2, degerlerinin gerekli oldugu bir Fourier serisini icerir. Bu

nicelikler dogrudan Bragg yansimalarinin yonlerinin ve siddetlerinin deneysel dl¢timleri ile



elde edilebilir. Bu durumda Patterson haritasindaki pikler, orijindeki vektorlerin kristaldeki
atomlar arasindaki vektorlerle yon ve biiyiikliigline cok benzer oldugu noktalarda ortaya
cikar. Ciinkii yap1 faktorii genliginin degerleri fazdan bagimsizdir ve dogrudan 6lgiilen

siddetlerden tiiretilebilir.

Diizenli olarak tekrar eden bir hiicre i¢in x noktasindaki bir boyutlu elektron yogunlugu

dagilim haritas1 p(x),

p(x)=§ Z F(h) exp(-2rihx)

tiim h

ile verilir. Burada a birim hiicrenin uzunlugudur. Patterson, p(x) dx'e esit bir agirlik ile x
noktasi etrafindaki agirlik dagilimini (WD) tanimlamistir. x ile x + dx arasindaki araliktaki

sacilma materyalinin toplam miktari,

WD=p(x+tu)p(x)dx

ile verilir. Burada, p(x+u), x+u noktasindaki elektron yogunlugudur.

Agirlik dagiliminm degerleri, u sabit tutularak hiicredeki x’in tiim degerleri {izerinden

integral alinarak toplanirsa yogunlugun ortalama agirlik dagilimi P(u),

1 1

P(u)=a j p(x)p(x+u)dx=é j [ Z F(h)e2dhx][ Z F(h')e'zmhv(““)]dx

0 0 timh tiim h

elde edilir. Integralin {ist limiti kesirsel koordinatlarin kullanimina uygun olarak
diizeltilmistir. Elektron yogunlugu ifadesi P(u)’da yerine yazilmistir. h = - h” oldugu zaman

exponalsiyelin 6zelliginden integral yok olur ve Patterson fonksiyonu

P(u)zé Z F(h)F(-h) exp(2rihu) =§ Z |F(h)|2exp(2rihu)

tiim h tiim h
bagntisi ile verilir. Burada a(h) = -a(h) olmasindan dolay1 F(h)F(-h) = |F|2ei?e~1@ = |F|?
elde edilir. 3-boyutlu durum i¢in hiicredeki koordinat sistemleri u, v ,w ise Patterson

fonksiyonu,

1 11
P(u, v,w)=V, j j j p(x, y, Z)p(x+u, y+v, z+w)dxdydz
000

ifadesiyle gosterilir. Burada V. birim hiicrenin hacmidir. p(x)’in degerleri yerine konulup

integral alindiginda birg¢ok terim sifir olur. Buradan,

P(u, V,W)ZVLCZ Z Z |F(hkl)|?exp[2mi (hu+kv+lw)]

tim h, k, 1

10



elde edilir. Bu fonksiyonu daha sadelestirmek igin |F|?(hkl) = |F|?(hkl) ve e'® = cos6 +

i sinB esitliklerinden yararlanarak Patterson fonksiyonu,

I
P(u, v, W):V_Z Z ZIF(hkl)Izcos2n(hu+kv+1w)
C

tiim b, k, |
seklinde elde edilir. Verilen bir kristal yap1 i¢in bir tane Patterson fonksiyonu vardir. Bu

nedenle buna vektor haritasi da denir [21].

Patterson haritasinda olusan pikler atomlarm konumlarini degil atom ciftleri arasindaki
vektorleri gosterir [27]. Birim hiicrede N tane bagimsiz atom varsa Patterson haritasinda
N tane atomlar arasi vektor pikleri olusur. Bu piklerin N tanesi orijinde bulunur ve siddetli
bir pik verir. Patterson haritas1 simetri merkezi oldugu icin haritada (N* — N) / 2 tane
bagimsiz vektdr vardir. N biiyiik oldugunda Patterson haritasindaki (N* - N) / 2 tane vektor
pikleri mutlaka birbirinin iizerine binerler. Ciinkii bunlar, atom pikleri ile yaklasik olarak
ayn1 genislige sahiptirler ve yapmin N atomlar: tarafindan isgal edilen esit bir hacimde yer

alirlar [21, 28].

3.2. Kristal Yapimin Aritimm

Hem Patterson hem de direkt metotlarla elde edilen yapisal modellerde yapidaki ¢cogu
atomun konumlar1 yaklagik olarak belirlendiginde yap: aritimmna baslanwr. Aritim
isleminde, atomik parametreler sistematik olarak degistirilir. Boylece Onerilen deneme
yapist i¢in hesaplanan yapi faktorii genlikleri ile dlciilen yap1 faktori genliklerinin uyumlu

olmas1 saglanir. Fourier sentezi ve en kiiciik kareler metodu en genel aritim teknikleridir.
3.2.1. Fourier Metotlan

Fourier metotlar1, yapidaki bazi atomlarm bulunmasindan sonra geri kalan atomlarin
bulunmasi i¢in kullanilan bir yontemdir. Deneme yapisinin ¢gogu veya hepsi biliniyorsa
normal elektron yogunluk haritasi yerine fark Fourier haritasi hesaplanir. Fark Fourier
haritalar1 i¢cin hesaplamalarda kullanilan katsayilar 6l¢iilen ve hesaplanan yap: faktorlerinin

farkidir, (|Fo| - |F¢|), ve faz agilar1 deneme yapisi i¢in hesaplanan katsayilardir.

Bir Fourier serisiyle hesaplanan F.(hkl) katsayisi i¢in hesaplanan elektron yogunlugu,

1 4
pc (X,y,Z): V Z Z Z Fc (hkl) e-2m(hx+ky+lz)
h k 1

ile verilir. Bu esitlik verilen yapidaki atomlarin konumlarimda maksimum olur. Katsayisi

Fo(hkl) = |[Fo(hkl)|lexp(i ¢) olan (¢, gercek faz) bir seri igin dlciilen elektron yogunlugu,

11



1 4
po (X,y,Z): V Z Z Z Fo (hkl) e-2m(hx+ky+lz)
h k 1

ile gercek yap1 tanimlanir. Gergek yapidan deneme yapisinin ne kadar saptigini gérmek

icin, fark serisinden,

1 4
Ap(%3.2P, (53D, (%, y2)=5; D ) [Fy (BkiD-F, (hkD) e 011
h k 1

hesaplanir. ¢, degeri bilinmedigi igin ¢pg = by (Ppy hesaplanan faz) olarak kabul edilir.

Bu durumda esitlik yap1 faktorii genlikleri cinsinden yazildiginda,

1 i 4 C
Ap(xy.2)=5; Z Z Z [1E, (kD) || F, (hk1) | Je M 19 0
h k1

seklinde olacaktir. Eger yapida bir atom kayipsa p(x,y,z) ilgili konumda sifir olurken
Po(X,y,z) maksimum olur. Fark Fourier sentezinde de ayni konumda bir pik olusur.
Bununla birlikte, po(X,y,z) = p(X,y,z) ise yapidaki dogru atomlarm konumlarinda fark

Fourier sentezi sifir olur.

Fark Fourier sentezi yapidaki hatalar1 acik bir sekilde gosterir ve aritim i¢in temel olarak
kullanilabilir. Fourier haritasindaki bir alanda bir tepe veya ¢ukura katkida bulunan birgok
([Fo| - |[F¢|) degerlerinin varligi, yapida bazi hatalarin oldugunu gosterir. Yap1 iyi aritilmigsa
diiz bir fark Fourier haritasi elde edilir. Bu durumda olgiilen ve hesaplanan yapi
genliklerinin degerleri yaklasik olarak esittir. Boylece |F,| - |Fc| degeri 1yi bir uyum gosterir
ve diisiik bir giivenilirlik indeksi (R) elde edilir [21, 28].

3.2.2. En Kiiciik Kareler Metodu

Yap1 modelinden elde edilen dl¢iilen veriler ile hesaplanan veriler arasindaki en 1yi uyumu
elde etmek icin skala faktoriiniin ve birim hiicredeki atomlarm konum ve sicaklik
parametrelerinin ayarlanmasi gerekir [22]. Bunun icin deneysel verilerle hesaplanan veriler

arasindaki sapmalarin karelerinin toplaminin minimum olmasi saglanir.

En kiigiik kareler metodu, dlglilen kirmim siddetlerini hesaplananlarinkine benzer hale
getirmek icin kullanilir. Yansima siddet verilerinin tiimii ayni hassaslikla dl¢iilemez. Bu
nedenle Olgiilen siddetler, 6lglimiin kesinligi (standart sapmanin karesi) ile ters orantili olan

bir agirlik faktoriiyle, w(hkl), carpilir. Yapmin dogru ¢éziimii i¢in,

sz w(hkD)[A[F(hkD)?2[1*
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esitliginin minimum degerini verecek en uygun parametreler kullanilir. Burada A|F(hkl)]
Slgiilen ve hesaplanan yapi faktorlerinin farki (|Fo| - |Fef), [w(hkI)]" deneysel |Fo(hkl)
degerinin standart sapmasi ve tiim bagimsiz kirmim maksimumlar: iizerinden toplama
yapilir. Q'nun kii¢iiltiilmesinde kullanilan degisken parametreler; normal olarak deneysel
gozlemler i¢in toplam skala faktoriinii, her atom icin X, y ve z atomik konum
parametrelerini ve her atom i¢in atomik yer degistirme parametrelerini igcerir. Diizensizlik
oldugu durumda doluluk faktorleri, secilen atomlar i¢in aritilabilir. Genel bir durum i¢cin N

tane bagimsiz atomlu bir yap1, (9N + 1) parametre ile aritilir.

Artilacak parametrelerin toplam sayist p ise, Q esitliginin minimizasyonu i¢in bu her bir
parametreye gore Q'nun tiirevleri sifira esitlenmelidir. Boylece p tane bagimsiz esitlik elde
edilir. Olgiilenlerin sayis1 (m), degisken sayisindan daha biiyiik olmalidir. Bu durumda, Q
esitliginden elde edilen esitlikler biiyiik 6lctide belirlenir [21].

Bir yapmin dogrulugunu anlamak i¢in dikkat edilen kriterlerden biri olan |F|’ye dayali

agirlikl giivenilirlik faktori,

R _Z[Vv(lFo|'|Fc|)]2
YT IR P

ile verilir. F*’ye dayali agirlikli giivenilirlik faktorii ise,

R,= {%i?]z}m

ile verilir. wR,, wR;’den daha biyiiktiir. Bunun yani sira Olglilen yap1 faktoriiyle

hesaplanan yap1 faktérii arasmdaki uyumun ne kadar iyi oldugunu gdsteren F*’ye dayali

uyum derecesi (Goff, S),

S gy 12
Gofr-s— | 2LV ForF )| }

n-p

ile verilir. Burada n yansima sayisi, p aritilan parametrelerin toplam sayisidir. S, 1.0°e

yaklastikca uyumda o kadar artar. SHELX1.97°de agirlik faktorii,

1
N G2 (F2)+(aP)2+bP

ile verilir. Burada P=(F2 +2F2)/3, o standart sapma, a ve b ise ayarlanabilir
o

parametrelerdir. a ve b’ler secilirken, yansimalarin artan F2 degeri araliklariyla

gruplandiginda S degerinin 1.0’e yakin olmasina dikkat edilir [28].

13



Bunun yani sira, yapinin dogru ¢oziildiigiinii anlamak i¢in,

a) fark Fourier haritasinda beklenen elektron yogunluklar1 disinda dalgalanma
olmamali,

b) molekiiler geometrideki ve paketlenmedeki anormallikler dikkate alinmalidir [21].
Kisaca bir kristal yap1 analizi,

a) elde edilen Bragg yansima siddet verileri kullanilarak yapmimn direkt metotlar ya da
Patterson metodu ile ¢oziilmesi ve izotropik bir yap1 modeli elde edilmesi,

b) yapi1 ¢oziimiinde bulunamayan atom veya yanlis yerlestirilen atomlarin yerini bulmak
icin fark Fourier metodu ya da en kii¢iik kareler metoduyla yapinin izotropik olarak
aritilmasi,

¢) yapmin anizotropik olarak doniistiiriilmesi,

d) yapimm anizotropik olarak aritilmasi,

e) eger dilizensiz atomlar varsa diizensiz atomlarn izotropik hale getirilip aritilmasi ve
daha sonra anizotropik aritilmasi,

f) hidrojen atomlarinmn yerlestirilmesi,

g) tiim parametrelerin aritilmas,
adimlarindan olusur.
3.3. Hidrojen Baglan

Hidrojen atomlarinin konumlarini, X-1sm1 kirmim verisinden yararlanarak saptayabilmek
oldukca zordur. X-ism1 fotonlary, kristalden gecerken kirinim desenine sebep olan
kristaldeki elektronlarla etkilesirler. Bu nedenle X-1sm1 kirmimiyla elektron yogunlugunu
Olceriz fakat atom agirlastikca ve daha fazla elektrona sahip olduk¢a kirmim desenindeki
etkisi daha da giliclenir. Bu nedenle agir atomlar bulundugu zaman hafif atom konumlarmi
saptamak daha zor olur. Tiim atomlarin en hafifi hidrojendir ve ¢ekirdekten uzakta bulunan
tek bir elektrona sahiptir. Ayni zamanda hidrojen atomlarinin diisiik elektron
yogunluklarimdan dolayr X-1sm1 kirmimi yontemiyle tam olarak konumlarini tespit etmek

oldukga zordur [29].

X-1sm1 kirmimiyla belirlenen hidrojen atom konumlar1 gercek cekirdek konumlarina
karsilik gelmez. Ciinkii elektron yogunlugu 6nemli dl¢lide hidrojen atomunun kovalent
olarak bagli oldugu atoma dogru kaydirilir. Bu nedenle serbestge aritilan atomlar i¢in tipik
bag uzunluklar1 C-H i¢in 0.95 A civarmda, N-H ve O-H icin 0.90 A’dan kiiciiktiir. Gaz

fazindaki molekiiller i¢cin spektroskopik metotlarla ya da notron kirinimiyla elde edilen
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gercek cekirdekler arasi mesafeler icin 0.1 A’dan daha uzundur. Hidrojen baginda,
hidrojen atomu yaklasik olarak X-H:--A diizenindeki kovalent sekilde baglanmis atom ve

elektronegatif atom arasinda bulunur [30].

3.3.1. Hidrojen Baginin Tanim

Hidrojen bagi, ayni ya da farkli molekiillerdeki verici (donor) X—H (proton verici) ve alict
(acceptor) A (proton alic1) arasinda kovalent olmayan, ¢ekici etkilesimdir. Bir kristalde

bulunan hidrojen bag1 X — H--- A seklinde gosterilir [31].

Basit bir hidrojen atomu, bir vericinin bir alict ile etkilesmesiyle olusur (Sekil 3.1a).
Hidrojen bagi uzun menzilli olmasindan dolay1 bir verici ayni anda iki ve ii¢ alict ile
etkilesebilir (Sekil 3.1.b,c). Pratikte iic alicidan daha fazla hidrojen bagi olabilir fakat
gergekte alicilarin ¢ok yiliksek uzaysal yogunluklarimi gerektirdiginden nadir bulunurlar.
Sekil 3.1a’daki X-H:--A i¢in iki merkezli hidrojen bag: terimi kullanilabilir. Burada H
atomu diger iki atoma baglanmistir ve kendisi merkez gibi sayilamaz. Ayni sekilde, Sekil
3.1b ve 1c’de X — H:-*A i¢in swasiyla tic merkezli ve dort merkezli hidrojen bagi
denilebilir. Ayn1 zamanda ii¢ merkezli hidrojen bagmna iki kollu (bifurcated) hidrojen bagi,
dort merkezli hidrojen bagma ise ii¢ kollu (trifurcated) hidrojen bag1 denilebilir [32].

d
a)  X—H---m- A
d A
b) X—H: "
.
d, A
i"‘d1
C) X—H:: """ Jiy
d;*-ﬁ

Sekil 3.1. Farkli hidrojen bag tipleri. a) Bir alic1 (acceptor) ile normal hidrojen bag: b) Iki
kollu hidrojen bagi ¢) Ug kollu hidrojen bag: [32].

3.3.2. Hidrojen Bagindaki Desenler: Grafik Set

Ik olarak Etter tarafindan tanitilan grafik set, hidrojen bag aglarinmn analizini yapmak ve
paketlenme motiflerini tanimlamak i¢in kullanilir. Hidrojen bag deseninin grafik set analizi

ile hidrojen baglarinin herhangi bir kompleks agi, dort basit desen kombinasyonuna
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indirgenebilir: zincir, halka, 6z (molekiil i¢i hidrojen baglar1 i¢in) ve sonlu (kristal tizerinde
yayllmayan desenler i¢in) desenler sirasiyla C, R, S ve D harfleriyle temsil edilir. Bir
desenin belirlenmesi igin grafik set G§(n) seklinde tanimlanir. Burada G basit deseni (C, R,
S veya D) belirten bir harftir, alt indis d, desendeki hidrojen bag verici (donor) gruplarin
sayisi, lst indis a, desendeki hidrojen bag alic1 (acceptor) gruplarin sayis1 ve n, desendeki
atomlarin sayisidir. Sekil 3.2°de grafik set analizinde kullanilan motiflerin basit desenleri
gosterilmektedir. Sekil 3.2.a'da baglantis1 dort atomdan olusan bir zincir, C(4) olarak
belirtilir. Bir alic1 ve bir verici oldugunda alt ve {ist indisler yazilmaz. Benzer sekilde, Sekil
3.2.b'deki molekiil i¢i hidrojen bagi, molekiil i¢i desende bulunan alt1 atom i¢in S(6) olarak
belirtilir. Sekil 3.2.c’deki gibi alic1 ve verici, iki veya daha fazla molekiil veya iyondan
olusuyorsa, hidrojen bagi tanimi1 D’dir. Burada bir verici ve bir alic1 vardir ve desen sadece
bir tane hidrojen bagi icerir. Bu durumda diger atomlar1 hesaba katmaya gerek yoktur ve
desenin (2) derecesi ihmal edilebilir. Sekil 3.2.d’de ise desende halka vardir. Burada,

halkadaki iki hidrojen atomu aynidir fakat farkli oldugu durumlar da bulunur. Toplam
sekiz atom igerir, iki verici ve iki alicidan olusur. Bu nedenle, R3(8) olarak gosterilir. Eger

desen sadece bir tiir hidrojen bagi igeriyorsa buna motif denir [31, 33].

H
R - -
Ne==0" 7
/
H—N XN,
A
O -
I @ 1 8(6)
A=
Q-f -
P==0---H
3 D
___.H - ___-Q\
\ a
: 0---- H—0 :

4 R3S

Sekil 3.2. Etter’in grafik set analizindeki temel motif tiirleri. a) C(4) b) S(6) ¢) D d) R3(8)
motiflerini temsil eder [33].
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3.4. Kristaldeki Diizensizlik (Disorder)

Diizensizlik bazi atomlarin yOnelimlerinin farkli birim hiicrelerde rastgele degisiklik
gosterdigi durumdur. Diizensizlik esas olarak yer degistirmeli ve konumsal diizensizlik
olarak ikiye ayrilir. Yer degistirmeli diizensizlik, farkli tiirdeki atomlarin iki veya daha
fazla birim hiicredeki ayni1 konumu isgal ettigi durumu anlatir. Konumsal diizensizlik ise,
bir atomun bir konumdan daha fazla yer isgal ettigi durumu anlatir. Konumsal diizensizlik
dinamik ve statik diizensizlik olarak ikiye ayrilir. Dinamik diizensizlik atomun tek bir
birim hiicresinde olusurken statik diizensizlik atomun farkli birim hiicreleri arasinda

olusur.

Tek kristalde kirinim deseni elde etmek i¢in kristaldeki tiim molekiillerin uzaysal
ortalamasi almir. Normal olarak kristalde diizen baskindir. Bu nedenle, X-1sm1 kirinimi
icin kosullar yerine getirilir ve kirinim deseni ¢d6ziiliir. Baslangigta diizensiz yapinin
coziimii ve aritilmast zor degildir. Bununla birlikte, anizotropik yer degistirme
parametreleri (ADP) elipsoidler seklinde olabilir (Sekil 3.3) ve diizensiz atomlarin

yakininda goreceli yiiksek artik elektron yogunluk pikleri ya da bosluklari olabilir.

(a) (h)

Sekil 3.3. Etil grubunun diizensizlik yapis1 goriilmektedir. Diizensizlik modellemesinin
a) olmadig1 durumu, b) oldugu durumu gostermektedir [29].

Baz1 diizensizlikler belli sicakliklar altinda yok olurlar. Bu da diizensizligin hareketsiz
olmas1 gerekmedigini gosterir. Diisiik sicaklikta veri toplandiginda diizensizlik 6nlenebilir

ya da azaltilabilir. Diger diizensizlikler sicakliga bagli degildirler ve kristal biiyiimesi
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sirasinda olusurlar. Bu diizensizlikler sicakligin diismesiyle diizensiz kismm yer degistirme

parametreleri diiser fakat diizensizligin kendisi etkilenmez [29, 34].

Diizensizlik, piklerin ikinci fark Fourier haritasinda goriindiigii durumda belirgin olabilir
fakat elipsoidler gerildigi durumda gii¢ algilanabilir. Diizensiz atomlarin konumlar1 bir
elipsoidin iki konumu kapsamasina izin vermek i¢in birbirinden ¢ok uzakken anizotropik
yer degistirme parametresi (ADP) SHELXL programinda bir uyar1 mesaji olusturmasi i¢in
yeterince giiclii olmayabilir. Boyle durumlarda, sik sik ikinci konum ya da bazen her iki
konum i¢in artik elektron yogunluk piklerinin koordinatlar1 kullanilabilir. Bu pikler

3

SHELXL programi tarafindan Q pikleri olarak listelenir ve “.res” dosyasmin en altinda

bulunabilir.

Diizensizlik aritimi i¢in SHELXL programinin goreceli dolulukla birlikte her atom i¢in iki1
atom koordinatinmm bilinmesi gerekir. Goreceli doluluklar verilebilir ya da aritilabilir.
Diizensizliklerin baslangigta izotropik olarak aritilmasi daha iyidir. Ciinkii anizotropik yer
degistirme parametreleri ortaya ¢ikabilecek atom konumlarin1i bulmayir zorlastiran
diizensizligi dengeleme egilimindedir (Sekil 3.3). SHELXL programi, gruplar halindeki
diizensiz atomlar1 bdlerek diizensizligi arindirir. Diizensiz gruplarin dolulugunun serbestce
aritilmasina izin verir. PART komutuyla birlikte, serbest degiskenler tanimlanarak

diizensizlik aritimi kolayca yapilir [29].

4. DENEYSEL CALISMALAR

Bu tez ¢alismasinda molekiil ve kristal yapilar1 ¢dziilen drnekler Kafkas Universitesi,
Kimya Béliimiinde Prof. Dr. Hacali Necefoglu ve ekibi tarafindan sentezlenmistir. Siddet
verileri Mo K, (A = 0,71073 A) radyasonu kullanilarak Aksaray Universitesi, Bilimsel ve
Teknolojik Uygulama ve Arastirma Merkezi’nde bulunan Bruker SMART BREEZE CCD

Difraktometresinde toplanmistir.

Kristal yapilar SHELXS97 [14] programi yardimiyla Patterson yontemi kullanilarak
cozililmiis ve SHELXL97 [14] programi yardimiyla fark Fourier ve en kiiciik kareler
yontemleri kullanilarak aritilmiglardir. Aritim siireclerinde baslangigta tiim atomlarin
sicaklik parametreleri izotropik olarak aritilmis daha sonra hidrojen atomlar1 disindaki

atomlarin tiimii i¢in anizotropik aritim yapilmistir.

Coziilen kristal yapilarin makaleleri Science Citation Index (SCI) tarafindan taranan Acta

Crystallographica, Section E’de yayimlanmis olup Tezin Ekler kisminda sunulmustur.
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4.1. Veri Toplama

Kristal yap1 ¢6ziimii i¢in yansima siddetlerinin 6lc¢tilmesi gerekir. Bu nedenle, molekiil ve

kristal yapilar1 ¢oziilen oOrneklerin kristalografik verileri Bruker Smart Breeze CCD

difraktometresinde toplanmistir.

Gelen Igm
Eolimatém

Iz Durdurucu

SMWART Déner
Sabit Chi | Radyasyon Kalkam & _ }
7 ernini Gonyornetre \\\ ",I Fayiflatics Donanim '\:}ILWEI]]]k Kapad
Bagha i \ ' /
\ \ / Eapah H-1gm
SMART BREEZE - 0 Tupi
Dedektér Sisterni
| III.':
'|\‘
L Grafit Eristal
Gonyometre —— MMonckromatér

Sekil 4.1. Smart BREEZE difraktometresi ve gonyometre modiilii [36].

Difraktometre, sabit chi () zeminli gonyometre, X-1511 kaynagi, BREEZE CCD dedektor,

X-1511 jeneratori, bilgisayar sistemi, kolimator ve video mikroskobundan olusur (Sekil

4.1). Difraktometrede bulunan gonyometre 3-eksenli olup 2-teta (26), omega (w) ve phi (¢)

acisal eksenleriyle yatay yonlendirilmistir. BREEZE CCD dedektoriiniin  elektronik

giirtiltiisii cok diisiik oldugundan dedektor hava ile sogutulur. Sistem, yaklasik 54.74°’lik

bir chi (y) agisina ve 360° doniislii bir phi (¢) siiriiciisiine sahip sabit bir chi () zemini

icerir. Dort eksen (20, w, ¢ ve y) yaklasik olarak 10 mikronluk bir hacimde kesisir (Sekil

4.2) [35, 36].
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2+

Sekil 4.2. Sabit chi (y) ve 3 eksenli gonyometre semasi [36].

Isik mikroskobuyla icerisinde ¢atlaklar olmayan ve boyutu kiigiik olan bir tek kristal
secilir. Secilen kristal, difraktometreye ait bir gonyometre basligma takilir. APEX2
v2014.9-0 programi agilir. Programda once kristal i¢cin bir dosya olusturulup daha sonra
kristale ait veriler yazilarak islem baslatilir. “Center crystal” komutu se¢ilip “Mount”
tusuna basilarak difraktometre uygun bir konuma getirilir ve gonyometre basligt
difraktometreye takilir. Dogru birim hiicre boyutlarin1 elde etmek ve kaliteli veriler
toplamak icin, alete takilan kristalin difraktometre merkezinde olmasi1 gerekir. Video
mikroskobunun diirbiinii X-1511 demeti ile gonyometre merkezi cakisacak sekilde
hizalanmalidir. Eger sapma varsa gonyometre bashigmin ayarlanmasi ve ¢ agismin
degistirilmesi gerekir. Daha sonra “Evaluate” komutuyla birim hiicre parametreleri
belirlenir. X-1s11 tiipliniin voltaj ve akim degerleri belirlenir. Collect — Data Collect
Strategy komutlar1 ile veri toplama i¢in strateji belirlenip Experiment — Validate —

Execute komutlari ile kirmim verileri toplanir.

4.2. Yap1 Analizinde Kullanilan Bilgisayar Programlarn
4.2.1. WinGX

WinGX ana yazilim paketi kiigiik molekiillerin tek kristal kirmim verilerinin analizi i¢in

gereken programlari icerir. Genel anlamda yapilarin ¢oziimii ve aritimi i¢in gereklidir.
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Islemler yapildiktan sonra CIF formundaki son rapor hazirlanir. Bu paket SHELX [14],
ORTEP 3 [15], PARST [16], PLATON [17] ve diger bir¢ok programimi icermektedir [15].

4.2.2. PLATON ve PARST Programlan

PLATON ve PARST programlar1 bag acilarini, bag uzunluklarmi, torsiyon agilarini,
diizlemler arasindaki acilari, molekiil ici ve molekiiller aras1 hidrojen baglarmi standart
sapmalartyla hesaplar. PLATON programi ayrica molekiiler yapi1 ve paketlenme

diyagramlarin ¢izer [37].
4.2.3. ORTEP-3 Programi

Bu program ¢oziilen yapmnim molekiiler yap1 ve kristal paketlenme diyagramlarini ¢izer

[15].
4.2.4. SHELX-97 Programi

SHELX yap1 ¢0ziimii ve aritimi i¢in kullanilan bir paket programdir. SHELXS ve
SHELXL programlarmi igerir. SHELXS programi direkt yontemleri ya da Patterson

yontemini kullanarak yap1 ¢ozmek i¢in, SHELXL programi ise aritim i¢in kullanilir.

Yansuma dosyasi

shelxl.hkl
Giris dosyasi l
(kristalografik veri) :E:E:f:lp
sheblins <— S H E LXL shelxl.fef
shelxl.cif
Diizenleme l
Cikis dosyasi
shelxl.res

Sekil 4.3. SHELXL programinda dosya diizeni [39].

SHELXL programi iki dosyadaki (yansima dosyasi shelxl.hkl ve aritim giris dosyasi
shelxl.ins) bilgilere dayanarak aritma yapar. Sonuclar shelxl.res dosyasma kaydedilir. Ek
olarak, elde edilen yapiy1 diizeltmek i¢in shelxl.res dosyas1 diizenlenir ve giris dosyasi
shelxl.ins olarak tekrar kullanilir. Ayrica aritimin yiiriitiilmesinden sonra shelxl.Ist dosyasi

elde edilir (Sekil 4.3) [38].
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4.3. Kristal Yap1 Analizi

4.3.1. Katena-poli[[diaquabis(4-formilbenzoat-xO")kobalt(I)]-u-pirazin-«x*N:N'],
[CO(C8H503)2(C4H4N2)(H20)2],, Bilesigi

4.3.1.1. Kristalin Sentezlenmesi

Bilesik, H,O (25 ml) i¢indeki CoSO4-7H,O (1,40 g, 5 mmol), H,O (25 ml) i¢indeki
pirazinin (0,40 g, 5 mmol) ve H>O (70 ml) i¢indeki sodyum 4-formilbenzoatin (1,72 g, 10
mmol) reaksiyonundan olusmustur. Karisim siiziiliip bir hafta boyunca oda sicakliginda
kristallenmeye birakilmis ve turuncu renkli tek kristaller elde edilmistir. Bilesigin kimyasal

diyagrami Sekil 4.4°de gosterilmistir.

N2

| IR
V4 0
N
; < > o

N1
“/ @ <n/ \UH:

.

Sekil 4.4. Bilesigin kimyasal diyagram

4.3.1.2. Yap1 Arttimi

H41 ve H42 (H»O i¢in) atomlar1 fark Fourier haritasindan yerlestirilmis ve serbest olarak
aritilmistir. Metin hidrojen atomu da fark Fourier haritasindan yerlestirilmis ve C-H =
0,984 (13) A olacak sekilde smirlandirilmistir. Aromatik karbon atomlarina bagh
hidrojenler C-H = 0,93 A ve Uio(H) = 1,2U(C) olacak sekilde geometrik olarak
konumlandirilip aritilmistir. Elde edilen molekiiler yapt Sekil 4.5°de, bilesigin kristal
paketlenmesinin kismi goriintimii Sekil 4.6°da ve molekiiller aras1 hidrojen baglarini iceren

kismi paketlenme ise Sekil 4.7’ de gosterilmistir.

Bilesige ait deneysel ayrintilar Cizelge 4.1°de verilmistir. Molekiil i¢i ve molekiiller arasi

hidrojen baglar1 ile C—H:--x etkilesimi Cizelge 4.2°de gosterilmistir. Aritim sonucu elde
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edilen atom koordinatlari, bag uzunluklar1 ve acilari, anizotropik termal parametreler ve

torsiyon agilar1 Ek-1"deki ilgili makalede [39] goriilebilir.

Cizelge 4.1. Bilesige ait deneysel veriler

Kristal verileri
Kimyasal formiil

M,

Kristal sistemi, uzay grubu
Sicaklik (K)

a b, c (A)

B(°)

V(A?)

Z

Radyasyon tipi

p (mm™)

Kristal boyutlar1 (mm)

Veri toplama

Difraktometre
Sogurma diizeltmesi

Tinins Trnax

Olgiilen, bagimsiz, gdzlenen
[/ > 206(])] yansimalar

Rin

(sin 0/A)max (A

Aritim

R[F* > 26(F*)], wR(F), S
Yansima sayis1
Parametre sayis1
Sinirlama sayist

H atomu aritimu

A Pmaxs A Pmin (e A-3)

[Co(CsH505),(C4H4N,)(H,0)s]
473,29

Monoklinik, C2/c

296

22,1623 (6), 7,1193 (2), 12,2911 (3)
94,432 (1)

1933,49 (9)

4

Mo K,

0,94

0,47 x 0,22 x 0,11

Bruker SMART BREEZE CCD
Multi-scan (SADABS [40])

0,830, 0,914
27023, 2427, 2336

0,024
0,668

0,025, 0,071, 1,06
2427

154

1

H atomlari sinirlanmig
ve aritimustir.

0,35, -0,34

4.3.1.3. Molekiil ve Kristal Yapilarin Tartisilmasi

Polimerik bilesigin asimetrik birimi, bir adet Co" iyonu, bir adet formilbenzoat (FB)
anyonu, bir adet pirazin molekiiliiniin yarisint ve bir adet su molekiilii icermektedir (Sekil
4.5). FB anyonu tek disli ligand olarak baglanmaktadir. Pirazin ligandinin N1 ve N2
atomlar1 ile Col atomu iki katli donme ekseni iizerindedir (Sekil 4.5). Pirazin ligandlar1

komsu Co" iyonlarini kopriileyerek b-ekseni yoniinde polimerik zincirler olusturur (Sekil
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4.6). Komsu Co" iyonlar1 arasindaki mesafe [Col---Col™ simetri kodu: (i) x, y+1, Z]
7,1193 (4) A olup birim hiicrenin b-eksen uzunluguna karsilik gelir (Cizelge 4.1).
A

T 0

—( <%€/
)X?’G @
AP

02 C\\ %
NS

03( ) c5  C4d) - \l/
@ c8yy

Sekil 4.5. Bilesigin Co" atomu etrafindaki koordinasyon ortammmn goriiniimii. Yer
degistirme elipsoidleri %50 olasilikla ¢izilmistir. ki kath dénme ekseni, Col, N1 ve N2
atomlarindan ge¢mektedir. Etiketsiz atomlar —x+2, y, -z+3/2 simetri kodu ile elde
edilmistir.

Co"O4N, koordinasyon kiiresinin ekvator diizlemi, iki adet simetri-bagimli tek disli
formilbenzoat anyonlarinmn iki adet karboksilat O atomu [O1 ve O1'; simetri kodu: (i) 2-x,
y, 3/2-z] ve iki kath donme ekseni tarafindan ikiye boliinen kopriileyici pirazin
ligandlarmin iki N atomundan [N1 ve N2' simetri kodu: (i) x, -1+y, z] olusmustur.

Eksensel pozisyonlar ise koordine olmus su molekiiliiniin iki O atomu (04 ve 04

tarafindan doldurulmustur.

Karboksilat grubundaki C1-O1 [1,272 (2) A] ve C1-02 [1,245 (2) A] bag uzunluklarinin
yakin olmasi lokalize tek ve cift baglar yerine delokalize baglanma diizeninin varligini
gosterir. Co-O bag uzunluklar1 2,0551 (9) A (benzoat oksijeni igin) ve 2,1491 (11) A (su
oksijeni i¢in) iken Co-N bag uzunlugu 2,165 (9) A’dur ve standart degerlere yakmdir. Col
atomu, karboksilat grubunun (Ol / C1 / O2) ortalama diizleminden 0,1034 (2) A
mesafesindedir. Karboksilat grubu ile komsu benzen halkas1 A (C2-C7) arasindaki dihedral
act 7,50 (8)° iken, benzen ve pirazin halkalar1 64,90 (4)°’lik bir dihedral ac1 yapacak

sekilde yonlenmistir.
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Sekil 4.6. Bilesigin kristal paketlenmesinin kismi goriiniimii.

4.3.1.4. Supramolekiiler Ozellikler

Kuvvetli molekiil ici O-H:--O hidrojen baglar1 (Cizelge 4.2) su molekiillerini koordine
olmamis karboksilat O atomlarina baglamaktadir. Kristal yapida, zayif O-Hg, --Og,
hidrojen baglar1 (Cizelge 4.2) komsu zincirleri bc diizlemine paralel tabakalar olusturacak
sekilde baglar. Bu tabakalar ise lig-boyutlu bir ag olusturacak sekilde C—Hopirazin® " Oformil
hidrojen baglari ile baglanmistir (Sekil 4.7). Ayrica C7 atomuna bagli H7 atomu ile benzen
A (C2-C7) halkasmin merkezi arasinda zayif C—H- - -« etkilesimi de vardir (Cizelge 4.2).

Cizelge 4.2. Bilesige ait hidrojen bag1 geometrisi (A, °©)

D-H...A D-H H...A D...A D-H...A
04—H41--02 0,89(3) 1,723)  2,5909(16) 164(2)
04—H42--04' 0,713)  2,63(3)  2,958(2) 111(2)
C10—H10--03" 0,93 2,46 3,320(2) 154
C7—H7-Cgl™ 0,93 2,65 3,4216(15) 142

Simetri kodlari: (i) —x+2, -y, —z+1; (ii) —x+3/2, —y+1/2, —z+2; (iii) x, —y, z—1/2. Cgl, A(C2-C7)

benzen halkasinin merkezidir.
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Sekil 4.7. Kristal yapinin paketlenme goriiniimii. Molekiiller aras1 hidrojen baglar1 kesikli
cizgilerle gdsterilmistir. Hidrojen bagi yapmayan hidrojen atomlar1 gosterilmemistir.

4.3.2. Katena-poli[[aquabis(4—f0rmilbenzoat)—xZO1,Ol ';xOl—g:inko]—,u—pirazin—sz N,
[Zn(CsH503)2(C4sH4N,)(H20)] . Bilesigi

4.3.2.1.Kristalin Sentezlenmesi

Bilesik, HO (25 ml) i¢indeki ZnSO4-H,O (0,90 g, 5 mmol), H,O (25 ml) igindeki

pirazinin (0,40 g, 5 mmol) ve H>O (70 ml) i¢indeki sodyum 4-formilbenzoatin (1,72 g, 10

mmol) reaksiyonundan olusmustur. Karisim siiziiliip bir hafta boyunca oda sicakliginda

kristallenmeye birakilmis ve renksiz tek kristaller elde edilmistir. Bilesigin kimyasal

diyagrami Sekil 4.8°de gosterilmistir.
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Sekil 4.8. Bilesigin kimyasal diyagrami

4.3.2.2. Yap1 Aritimi

Aritim sirasinda O5 ve O12 oksijen atomlarinin diizensiz oldugu goézlenmistir ve bu O
atomlar1 (O5A, O5B ve OI12A, O12B) sirasiyla 0,75:0,25 ve 0,70:0,30 sabit doluluk
oranlaryla aritilmistir. H71, H72, H141, H142 (H,O i¢in) ve H16, H36 (CH i¢in) hidrojen
atomlar1 fark Fourier haritalarindan yerlestirilmistir ve O7-H71, O7-H72, O14-H141,
O14-H142, C16-H16, O36-H36 mesafeleri ve H71-O7-H72 agis1 sirasiyla 0,897 (16),
0,866 (16), 0,826 (17), 0,845 (18), 0,843 (18), 0,937 (18) A ve 106 (2)°’ye
sinirlandirilmistir. C-bagli H atomlar1 sirasiyla aromatik ve metin H atomlar1 icin C — H =
0,93 A ve 0,98 A olacak sekilde geometrik olarak konumlandirilip Uiso(H) = 1,2U,o(C) ile
aritilmistir.  Bilesigin  asimetrik birimi  Sekil 4.9’da, kristal paketlenmesinin kismi
goriiniimii Sekil 4.10’da ve molekiiller aras1 su-karboksilat O—H---O hidrojen baglarini
iceren kismi paketlenme ise Sekil 4.11°de, molekiiller arasi su-karboksilat O—H:--O,
pirazin-formil C—H--O ve formil-karboksilat C—H---O hidrojen baglarinin olusturdugu

supramolekiiler yapinin kismi goriiniimii ise Sekil 4.12°de gosterilmistir.

Bilesige ait deneysel ayrintilar Cizelge 4.3’de verilmistir. Molekiil i¢i ve molekiiller arasi
hidrojen baglar1 ile C—H: - ‘& etkilesmeleri Cizelge 4.4°de gosterilmistir. Aritim sonucu elde
edilen atom koordinatlari, bag uzunluklar1 ve acilari, anizotropik termal parametreler ve

torsiyon agilar1 Ek-2’deki ilgili makalede [41] goriilebilir.
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Cizelge 4.3. Bilesige ait deneysel veriler

Kristal verileri
Kimyasal formiil

M,

Kristal sistemi, uzay grubu
Sicaklik (K)

a b, c (A)

B(°)

V(A?)

Z

Radyasyon tipi

p (mm'™)

Kristal boyutlar1 (mm)

Veri toplama

Difraktometre
Sogurma diizeltmesi

Trniny Tmax

Olgiilen, bagimsiz, gdzlenen
[/ > 206(/)] yansimalar

Rine

(sin 0/A)max (A

Aritim
R[F* > 26(F®)], wR(F?), S

[Zn(CsH503)2(C4H4N,)(HL0)]
461,74

Monoklinik, P2,/c

296

22,4721 (7), 7,1729 (2), 23,6377 (8)

91,764 (2)

3808,4 (2)

8

Mo K,

1,34

0,50 x 0,29 x 0,28

Bruker SMART BREEZE CCD

Multi-scan (SADABS [40])

0,628, 0,679
87627,9571, 7984

0,031
0,670

0,041, 0,102, 1,10

Yansima say1s1 9571
Parametre sayisi 583
Sinirlama sayist 8

H atomu aritimi H atomlar1 sinirlanmig
ve aritimustir.

A Pmax, A Pmin (e A-3) 0,64, -0,65

4.3.2.3. Molekiil ve Kristal Yapilarin Tartisilmasi

Polimerik bilesigin asimetrik birimi, iki molekiiler birimden olusur. Her birimde, bir adet
Zn" iyonu, iki adet 4-formilbenzoat (FB) anyonu, bir adet pirazin molekiilii ve bir adet
koordine olmus su molekiilii bulunmaktadir (Sekil 4.9). FB anyonlari, ¢ift disli ya da tek
disli ligandlar olarak Zn" iyonlarma baglanir. Pirazin ligandlari komsu Zn" iyonlarmni
kopriileyerek b-ekseni yoniine paralel olan polimerik zincirler olusturur (Sekil 4.10).
Simetri-bagimli Zn" iyonlari [Znl---Znl' ve Zn2---Zn2'; simetri kodu: (1) x, y+1, z]
arasindaki uzakliklar 7,1729 (5) A olup birim hiicrenin b-eksen uzunluguna karsilik gelir

(Cizelge 4.3).
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Sekil 4.9. Bilesigin asimetrik birimi. Yer degistirme elipsoidleri % 50 olasilikla ¢izilmistir.
Hidrojen atomlar1 gosterilmemistir ve diizensiz karboksilat O atomlarinin sadece ana
doluluk bilesenleri gosterilmistir.

Sekil 4.10. Bilesigin kristal paketlenmesinin kismi goriintisii. Hidrojen atomlar1
gosterilmemistir.
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O1-Znl1-02 ve 08-Zn2-09 acilar1 sirasiyla 58,88 (7)° ve 59,00 (7)°°dir. Literatiirde
karsilik gelen O-M-O M, bir gecis metalidir) acilar ise,
[Cd(CsHs503)2(CcHgN20)2(H20)]-H,O  bilesiginde [42] 52,91 (4)° ve 53,96 (4)°,
[Cuz(CsHs503)4(CsHsN20)4] bilesiginde [43] 53,50 (14)° ve [Cd(CsHs503)2(CsHaN2)(H20)],
bilesiginde [44] ise 53,89 (17)° ve 53,88 (18)°’dir.

Sekil 4.11. Molekiiller aras1 su-karboksilat O—H:--O hidrojen baglarmi igeren kristal
paketlenmesinin  kismi goriinimii. Hidrojen bag1 yapmayan hidrojen atomlar1
gosterilmemistir.

Karboksilat gruplarmmdaki C1-O1 (1,251(3) A), C1-02 (1,256 (3) A), C9-03 (1,257 (3)
A), C9-04 (1,227 (3) A) ve C21-08 (1,248 (3) A), C21-09 (1,259 (3) A), C29-010
(1,258 (3) A), C29-0O11 (1,230 (3) A) bag uzunluklarinin yakim olmasi lokalize tek ve ¢ift
baglar yerine delokalize baglanma diizeninin varligmi gostermektedir. Ortalama Zn—O ve

Zn-N mesafeleri sirastyla 2,11 (12) ve 2,194 (6) A olup standart degerlere yakindur.

Zn atomlari, diizlemsel karboksilat gruplarinin 0,0484 (3) A ve 0,0571 (3) A altinda [(O1 /
02/ C1) ve (03 / 04 / C9Y’a gbre Zn1] ve 0,0623 (3) A ve 0,1322 (3) A iistiinde [(O8 / 09
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/ C21) ve (010 / O11 / C29)’a gore Zn2] bulunmaktadir. Diizlemsel karboksilat gruplar1
[(O1/02/CI1),(03/04/C9)ve (0O8/09/C21), (0O10/011/C29)] ve komsu benzen
halkalar1 [A (C2-C7), B (C10-C15) ve D (C22-C27), E (C30-C35)] arasindaki dihedral
acilari, swrasiyla, 14,1 (2), 12,1 (2), 4,0 (2) ve 9,2 (2)°’dir. Benzen halkalar1 ise A/ B =
45,7 (1)° ve D / E = 23,2 (1)°’lik dihedral agilarda yonlenmistir. Diger taraftan pirazin
halkalar1 [C (N1 / N2 / C17-C20) ve F (N3 / N4 / C37-C40)], A, B, D ve E benzen
halkalarma gore A/ C =285,6 (1)°, B/ C=72,7(1)°D/F=287,0(1)°ve E/F=2813
(1)°’lik dihedral agilarda yonlenmistir.

4.3.2.4. Supramolekiiler Ozellikler

Orta-siddetteki molekiil i¢i O-H---O hidrojen baglar1 (Cizelge 4.4), su molekiillerini
karboksilat O atomlarina baglar. Kristal yapida, su-karboksilat O—H:--O hidrojen baglar1
(Cizelge 4.4) komsu zincirleri bc diizlemine paralel tabaklar olusturacak sekilde baglar
(Sekil 4.11). Tabakalar ise, zayif pirazin-formil C-H:--O ve formil-karboksilat C-H---O
hidrojen baglar1 (Cizelge 4.4) ile ilig-boyutlu bir supramolekiiler yap1 olusturacak sekilde
baglanir (Sekil 4.12). Benzen halkalar1 arasindaki n—m etkilesimleri, A-Al, BB ve
D--D" [simetri kodlart: (i) 1 —x, —y, —z: (ii) —x, =y, —z: (iii) 1 —x,—S+y, - — 2]
sirastyla 3,7765 (16), 3,7905 (15) ve 3,8231 (16) A’luk halka merkezleri arasindaki
mesafeler ile yapiy1 daha kararli hale getirebilir. Ayrica zayif C-H---x [C12-H12---Cgl10"
ve C32-H32---Cg8"] etkilesimleri de mevcuttur (Cizelge 4.4).

Cizelge 4.4. Bilesige ait hidrojen bag1 geometrisi (A, °©)

D-H...A D-H H..A D...A D-H...A
O7—H71--09 0.902)  1.82(2)  2.694(3) 165(2)
07—-H72--011 0.87(2)  1.78(2)  2.640(3) 170(2)
0O14—H141--02' 0.83(2)  1.90(2)  2.705(3) 165(2)
014—H142--04' 0.842)  1.80(3)  2.635(3) 172(3)
C17—H17-+012A" 0.93 2.56 3.375(5) 146
C19—H19--06" 0.93 2.47 3.222(4) 138
C23—H23:-01 0.93 2.57 3.361(3) 143
C38—H38-+05A" 0.93 2.59 3.381(4) 144
C39—H39--013" 0.93 2.47 3.154(4) 130
C12—H12--Cgl0" 0.93 2.81 3.579(3) 140
C32—H32-Cg8" 0.93 2.78 3.468(3) 132

Simetri kodlart: (i) x, —y+3/2, z—1/2; (ii)) —x+1, y+1/2, —z+1/2; (iii) —x+2, —y+2, —z+1; (iv) —x+2, y+1/2,
—z+1/2; (v) =%, y—1/2, —z+1/2. Cg8 ve Cgl0 sirasiyla B (C10-C15) ve E (C30-C35) halkalarmin
merkezleridir.
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Sekil 4.12. Molekiiller arasi1 su-karboksilat O—H--O, pirazin-formil C—H--O ve formil-
karboksilat C—H:-O hidrojen baglarinin olusturdugu supramolekiiler yapmin kismi
goriiniimii. Hidrojen baglar1 kesikli c¢izgilerle gosterilmistir. Hidrojen bagi yapmayan
hidrojen atomlar1 gosterilmemistir.

4.3.3. Poli[bis(u-nikotinamid-«’N':0)bis(u-4-nitrobenzoat-x*0':0'")¢inko],
[ZH(C6H6N20)2(C7H4NO4)2]n Bilesigi

4.3.3.1. Kristalin Sentezlenmesi

Bilesik, H,O (25 ml) igindeki ZnSO4-H,O (0,89 g, 5 mmol), H,O (25 ml) i¢indeki
nikotinamit (1,22 g, 10 mmol) ve H,O (150 ml) i¢indeki sodyum 4-nitrobenzoatin (1,90 g,
10 mmol) reaksiyonundan olugsmustur. Karisim siiziiliip bir hafta boyunca oda sicakliginda
kristallenmeye birakilmis ve sar1 renkli tek kristaller elde edilmistir. Bilesigin kimyasal

diyagrami Sekil 4.13’de gosterilmistir.
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s @\(D——Zn
Zn [0 2 N~

NO-

Sekil 4.13. Bilesigin kimyasal diyagrami

4.3.3.2. Yap1 Aritimi

Hidrojen atomlar1 C-H = 0,93 A, N-H = 0,86 A ve U;,(H) = 1,2U,((C, N) olacak sekilde
geometrik olarak konumlandirilip artilmistir. En yiiksek artik elektron yogunlugu ve en
derin ¢ukur, N6 ve Znl atomlarmdan sirasiyla 0,29 A ve 0,48 A uzaklikta bulunmustur.
Elde edilen molekiiler yap1 Sekil 4.14°de, bilesigin kristal paketlenmesinin kismi
gortiniimii Sekil 4.15°de, sekiz ve oniki-iiyeli halkalar1 gosteren kristal yapinm kismi
paketlenme goriinimii Sekil 4.16’da, N-H---O hidrojen baglarmi iceren kristal yapimin

paketlenme goriiniimii ise Sekil 4.17°de gosterilmistir.

Bilesige ait deneysel ayrintilar Cizelge 4.5°de verilmistir. Cizelge 4.6’da Zn-O ve Zn-N
bag uzunluklar1 gdsterilmistir. Molekiil i¢i ve molekiiller arasi hidrojen baglar1 Cizelge
4.7°de gosterilmistir. Aritim sonucu elde edilen atom koordinatlari, bag uzunluklar1 ve
acilari, anizotropik termal parametreler ve torsiyon acgilar1 Ek-3’deki ilgili makalede [45]

gortlebilir.
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Cizelge 4.5. Bilesige ait deneysel veriler

Kristal verileri
Kimyasal formiil

M,

Kristal sistemi, uzay grubu
Sicaklik (K)

a b, c (A)

a,B,v(°)

V(A

Z

Radyasyon tipi

p (mm'™)

Kristal boyutlar1 (mm)

Veri toplama

Difraktometre
Sogurma diizeltmesi

Trniny Tmax

Olgiilen, bagimsiz, gézlenen
[/ > 206(/)] yansimalar

Rine

(sin 0/A)max (A™)

Aritim

R[F* > 26(F*)], wR(F), S
Yansima sayis1
Parametre sayis1

H atomu aritimu

A Pmaxs A Pmin (e A-3)

[Zn(CsHgN,0),(C7H4NOy),]

641,87

Triklinik, P1

296

9,5118 (3), 10,5591 (3), 14,5326 (5)
109,846 (4), 93,618 (3), 104,815 (4)
1309,11 (9)

2

Mo K,

1,01

0,50 x 0,37 x 0,33

Bruker SMART BREEZE CCD
Multi-scan (SADABS [40])

0,635, 0,705
34333, 6520, 5816

0,023
0,669

0,073, 0,238, 1,09

6520

388

H atomlari sinirlanmigtir.
1,29, -0,60

4.3.3.3. Molekiil ve kristal Yapilarin Tartisiimasi

Polimerik bilesigin asimetrik birimi, bir Zn" iyonu, iki adet 4-nitrobenzoat (NB) anyonu ve
iki adet nikotinamid (NA) ligand1 igermektedir (Sekil 4.14). NB anyonlari, tek disli
ligandlar olarak baglanmaktadir. NB anyonlarindan sadece birisi ve NA ligandlarindan
birisi, swasiyla sekiz- ve oniki-iiyeli halkalar vasitasiyla komsu Zn" iyonlarmi
kopriileyerek a-ekseni yoniinde uzanan polimerik zincirler olusturmaktadir (Sekil 4.15).
Sekiz- halkalarda [Znl---Zn1? ~N5---N5%,
010---010* ve Znl---Zn1®, O5:--05°, 06---06"; simetri kodlar1: (a) —x+1, -y, -z, (b) —x+2,
-y, -z] arasindaki mesafeler sirasiyla 7,3237 (6) A, 5,855 (4) A, 4,480 (3) A ve 4,670 (6) A,
3,668 (4) A, 4,256 (4) A'dur (Sekil 4.16).

ve oniki-iiyeli simetri-bagimli  iyonlar
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Sekil 4.14. Bilesigin asimetrik birimi. Yer degistirme elipsoidleri %50 olasilikla ¢izilmistir
[simetri kodlart: (a) -x+1, -y, -z; (b) -x+2, -y, -z].

Ekvator diizlemindeki ii¢ adet NB anyonunun ii¢ adet karboksilat O atomu (O2, OS5 ve 06)
ve iki adet NA ligandindan bir adedinin O atomu (O10) Zn" katyonu etrafinda hafifce
bozulmus kare-diizlem diizenlenmesi olusturur. Bu olusum iki adet NA ligandinin eksensel
pozisyonlardaki iki adet piridin N atomu (N3 ve N5) ile hafif¢e bozulmus oktahedral
koordinasyona tamamlanir (Cizelge 4.6 ve Sekil 4.16).

Karboksilat gruplarindaki C1-O1 [1,247 (4) A], C1-02 [1,261 (4) A], C8-05 [1,248 (4) A]
ve C8-06 [1,255 (4) A] bag uzunluklarinmn yakin olmasi lokalize tek ve ¢ift baglar yerine
delokalize baglanma diizeninin varligin1 gostermektedir. Ortalama Zn-Oxarboksilat V€ Zn-N
mesafeleri sirasiyla 2,147 (2) A ve 2,285 (3) A iken, Znl-O10 mesafesi 2,280 (2) A'dur
(Cizelge 4.6). Znl atomu, diizlemsel karboksilat gruplarmin [(O1 / O2 / C1) ve (O5/ O6/
C8)] swrastyla 1,4330 (4) A ve 0,1897 (4) A iistiinde bulunmaktadir. Ortalama O-Zn-O ve
O-Zn-N bag agilar1 sirasiyla 89,93 (10)° ve 89,99 (10)°'dir.

Cizelge 4.6. Znl atomuna baglanan O ve N atomlarmin bag uzunluklar1 (A)

Zn1-02 2,140 (2) Znl1-010" 2,280 (2)
Zn1-05' 2,142 (2) Zn1-N3 2,288 (3)
Zn1-06 2,160 (2) Znl-N5 2,282 (3)

Simetri kodlar1: (i) -x+2, -y, -z; (ii) -x+1, -y, -z.
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Sekil 4.15. Bilesigin kristal paketlenmesinin kismi goriiniimii. Hidrojen atomlar1
gosterilmemistir.

Sekil 4.16. Sekiz- ve oniki-liyeli halkalar1 gosteren kristal yapmnin kismi paketlenme
goriiniimii [simetri kodlar1 : (a) -x+1, -y, -z; (b) -x+2, -y, -z]. Hidrojen atomlar1
gosterilmemistir.
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Diizlemsel karboksilat gruplar1 [(O1 / O2/ CI) ve (O5 / O6 / C8)] ile komsu benzen
halkalar1 [A (C2-C7) ve B (C9-C14)] arasindaki dihedral agilar sirasiyla 13,8 (2)° ve 13,4
(2)° iken, benzen halkalar1 11,5 (2)°’lik bir dihedral agida yonlenmistir. NA halkalar1 [C
(N3 / C15 - C19) ve D (N5 / C21 — C25)] arasindaki dihedral ac¢1 10,3 (1)° 'dir ve NA
halkalari, A ve B benzen halkalarina gore A/ C=17,3 (1)°, A/D="7,7(1)°, B/ C =288
(1)°ve B/ D = 18,9 (1)°’lik dihedral agilarda yonlenmistir.

4.3.3.4. Supramolekiiler Ozellikler

Kristal yapida, kuvvetli N-H---Ox (k = karboksilat) ve N-H---O,, (na = nikotinamid)
hidrojen baglar1 (Cizelge 4.7) R(16), R3(20) ve RS(16) halka motiflerini [33] olusturarak
komsu zincirleri, (011) diizlemine paralel tabakalar olusturacak sekilde baglar (Sekil 4.17).
Olusan tabakalar ise, zayif molekiil i¢i C—H,,"--Ox ve molekiiller aras1 C—Hp, Oy (nb =
nitrobenzoat) ve C—Hy,'--On, hidrojen baglar1 (Cizelge 4.7) ile iig-boyutlu bir ag

olusturacak sekilde baglanir.

Sekil 4.17. Kristal yapinin paketlenme goriiniimii. N—H--O hidrojen baglar1 kesikli
cizgilerle gdsterilmistir. Hidrojen bagi yapmayan hidrojen atomlar1 gésterilmemistir.
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Cizelge 4.7. Bilesige ait hidrojen bag1 geometrisi (A, °)

D-H...A D-H H..A D...A D-H...A
N4—H4B--O1'! 0,86 2,20 2,851(4) 132
N6—H6A+-0O1" 0,86 1,98 2,814(4) 164
N6—H6B:-09'" 0,86 2,09 2,880(4) 153
C15—H15--06 0,93 2,45 3,079(4) 125
C19—H19--03" 0,93 2,57 3,238(7) 130
C21—H21--010" 0,93 2,38 3,058(4) 130

Simetri kodlar1: (i) —x+2, —y+1, —z+1; (ii) —x+1, —y, —z; (i) —x+2, -y, —z; (iv) x-1, y—1, z.

4.3.4. Trans-diaquabis(4-siyanobenzoat-xO)bis(nikotinamid-xN")kobalt(II),
[C0(C3H4N02)2(C6H6N20)2(H20)2] Kompleksi

4.3.4.1. Kristalin Sentezlenmesi

Kompleks, H,O (50 ml) i¢indeki CoSO4-7H,0 (1,41 g, 5 mmol), H,O (50 ml) i¢gindeki
nikotinamidin (1,22 g, 50 mmol) ve H>O (100 ml) i¢indeki sodyum 4-siyanobenzoatin
(1,69 g, 10 mmol) reaksiyonundan olusmustur. Karisim siiziiliip birka¢ giin boyunca oda
sicakliginda kristallenmeye birakilmis ve pembe renkli tek kristaller elde edilmistir.

Kompleksin kimyasal diyagrami Sekil 4.18de gdsterilmistir.

Sekil 4.18. Kompleksin kimyasal diyagrami

4.3.4.2. Yap1 Arttimi

H31 ve H32 (NH; i¢cin) ile H41 ve H42 (H,O i¢in) atomlar1 fark Fourier haritasindan
yerlestirilmis ve serbest olarak aritilmistir. Aromatik C-bagli H atomlar1 C-H = 0,93 A
olacak sekilde geometrik olarak konumlandirilip Uio(H) = 1,2Uc(C) ile aritilmistir. En
yiiksek artik elektron yogunlugu ve en derin ¢ukur, Col atomundan sirasiyla 0,80 A ve

0,83 A uzaklikta bulunmustur. Elde edilen molekiiler yap1 Sekil 4.19°da, molekiiller aras:
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N—H--O ve O—H-O hidrojen baglarini iceren kismi paketlenmenin [100] yOniindeki

goriintiisii ise Sekil 4.20°de gosterilmistir.

Komplekse ait deneysel ayrintilar Cizelge 4.8’de verilmistir. Molekiiller aras1 ve molekiil
ici hidrojen baglar1 Cizelge 4.9’da gosterilmistir. Aritim sonucu elde edilen atom
koordinatlari, bag uzunluklar1 ve agilari, anizotropik termal parametreler ve torsiyon acilari

Ek-4’deki ilgili makalede [46] goriilebilir.

Cizelge 4.8. Komplekse ait deneysel veriler

Kristal verileri
Kimyasal formiil

M,

Kristal sistemi, uzay grubu
Sicaklik (K)

a b, c (A)

o, B,v(°)

V(A7)

Z

Radyasyon tipi

p (mm™)

Kristal boyutlar1 (mm)

Veri toplama

Difraktometre
Sogurma diizeltmesi

Thniny Tmax

Olgiilen, bagimsiz, gézlenen
[/ > 206(])] yansimalar

Rine

(sin 0/A)max (A

Aritim

R[F* > 26(F°)], wR(F), S
Yansima sayis1
Parametre sayis1

H atomu aritimu

A Pmaxs A Pmin (e A-3)

[Co(CsH4NO,),(CcHgN,O)>(H,0),]
631,46

Triklinik, P1

296

7,6474 (3), 9,9266 (4), 10,2782 (4)
78,680 (2), 84,200 (3), 71,556 (2)
725,13 (5)

1

Mo K,

0,65

0,43 x 0,29 x 0,16

Bruker SMART BREEZE CCD
Multi-scan (SADABS [40])

0,797, 0,901
16533, 3639, 3419

0,036
0,672

0,044, 0,119, 1,07

3639

212

H atomlar1 sinirlandirilip aritilmastir.
0,94, -0,49

4.3.4.3. Molekiil ve Kristal Yapilarin Tartisilmasi

Mononiikleer kompleksteki Co' atomu terslenme merkezindedir ve iki adet 4-
siyanobenzoat (CNB) anyonu, iki adet nikotinamid (NA) ligand1 ve iki adet su molekiilii

ile koordine olmustur (Sekil 4.19). Tiim ligandlar tek disli olarak baglanmaktadir.
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Ekvator diizlemindeki, iki adet simetri-bagimli karboksilat O atomu (O2 ve O2i) ve iki adet
simetri-bagimli su molekiiliinin O atomu (04 ve O4i) hafifce bozulmus kare-diizlem
diizenlemesi olusturur. Bu olusum iki adet simetri-bagimlt NA ligandinin eksensel
pozisyonlardaki N atomu (N2 ve N2i) ile hafifce bozulmus oktahedral koordinasyona

tamamlanir [simetri kodu: (1) —x+1, -y+1, -z+1; Sekil 4.19].

Karboksilat grubundaki CI-O1 [1,254 (2) A] ve C1-O2 [1,256 (2) A] bag uzunluklarmnin
yakin olmasi lokalize tek ve cift baglar yerine delokalize baglanma diizeninin varligini
gostermektedir. Co-O bag uzunluklar1 2,0835 (12) A (benzoat oksijen atomlar1) ve 2,1350
(13) A (su oksijen atomlar1) ve Co-N bag uzunlugu 2,1390 (15) A’dur ve standart
degerlere yakindir. Col atomu, diizlemsel karboksilat gurubunun (O1 /02 / C1) 0,3921 (1)
A iistiinde bulunmaktadir. O-Co-O ve O-Co-N bag agilarinin ortalama degerleri sirasiyla

90 (3)° ve 90 (2)° olup ideal degerlerden hafifce sapmaktadir.

N1 A/

Sekil 4.19. Kompleksin molekiil yapismin goriinimii. Yer degistirme elipsoidleri %50
olasilikla ¢izilmistir. Simetri bagimli atomlar, -x+1, -y+1, -z+1 simetri kodu ile elde
edilmistir.

Diizlemsel karboksilat grubu (O1 / O2 / C1) ile komsu benzen halkas1 [A (C2-C7)]
arasindaki dihedral ag1 22,11 (15)° iken, piridin [B (N2 / C9-C13)] ve benzen halkalar1
89,98 (5)°’lik bir dihedral a¢1 yapacak sekilde yonlenmistir.
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4.3.4.4. Supramolekiiler Ozellikler

Kristal yapida, N-H---Ox (k = karboksilat), N-H---Oy, (na = nikotinamid), O—Hg,*--Ok ve
O-Hg-Oypa hidrojen baglar1 (Cizelge 4.9) R3(8) ve Rj(8) halka motifleri [33] ile
molekiilleri (100) diizlemine paralel tabakalar olusturacak sekilde baglar (Sekil 4.20).
Olusan tabakalar ise C—H¢pp' Ok (cnb = siyanobenzoat) ve C—Hp, - Nen, hidrojen baglari
(Cizelge 4.9) ile iig-boyutlu bir ag olusturacak sekilde baglanir. Ayrica C6 atomuna bagli
H6 atomu ile piridin B (N2 / C9-C13) halkasinin merkezi arasinda zayif bir C-H--'n

etkilesimi de vardir (Cizelge 4.9).

Cizelge 4.9. Komplekse ait hidrojen bag1 geometrisi (A, ©)

D-H...A
N3—H31--03'
N3—H32--01"
04—H41--01"
04—H42--03"
C4—H4--01"
C9—H9--N1"
C6—H6Cg2""

D-H
0,84(3)
0,87(3)
0,85(3)
0,80(3)
0,93
0,93
0,93

H..A
2,093)
2,13(3)
1,82(3)
2,11(3)
2,38
2,54
2,76

D...A
2,914(3)
2,910(3)
2,658(2)
2,877(2)
3,302(3)
3,305(5)
3,691(2)

D-H..A
166(3)
148(3)
166(3)
161(2)
173

140

176

Simetri kodlari: (i) —x, -y, —z+1; (ii) —x+1, -y, —z+1; (iii)) —x+1, —y+1, —z+1; (iv) =%, —y+1, —z+1; (v) x—1,
y, z; (vi) x+1, y, z+1; (vii) X, y, z—1. Cg2, B(N2 / C9-C13) halkasmnin merkezidir.

Sekil 4.20. Kompleksin [100] yoniindeki kristal paketlenmesinin kismi goriiniimii. Burada
b ekseni yatay ve c ekseni dikeydir. Molekiiller arast N—H:-O ve O—H:-O hidrojen
baglar1 kesikli cizgilerle gosterilmistir. Hidrojen bagi yapmayan hidrojen atomlar:

gosterilmemistir.
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4.3.5. Triaqua(4-siyanobenzoat-«>0,0)(nikotinamid—xN")¢cinko-4-siyanobenzoat,
[Zn(C8H4N02)(C6H6N20)-(H20)3] (C8H4N02) Kompleksi

4.3.5.1. Kristalin Sentezlenmesi

Yapist ¢oziilen tuz, H,O (30 ml) i¢indeki ZnSO4-7H,0O (1,44 g, 5 mmol), H,O (50 ml)
icindeki nikotinamidin (1,22 g, 50 mmol) ve H,O (100 ml) i¢indeki sodyum 4-
siyanobenzoatin (1,69 g, 10 mmol) reaksiyonundan olugsmustur. Karisim siiziiliip birkag
glin boyunca oda sicakliginda kristallenmeye birakilmis ve renksiz tek kristaller elde

edilmistir. Kompleksin kimyasal diyagrami Sekil 4.21°de gdsterilmistir.

Sekil 4.21. Kompleksin kimyasal diyagrami

4.3.5.2. Yap1 Arttimi

H31 ve H32 (NH; i¢in) ile H41, H42, H51, H52, H61 ve H62 (H,O i¢in) atomlar1 fark
Fourier haritasindan yerlestirilmis ve serbest olarak aritilmistir. C-bagli H atomlar1 C-H =
0,93 A olacak sekilde geometrik olarak konumlandirilip Uiso(H)=1,2Ucy(C) ile aritilmistir.
Yapist ¢oziilen tuzun molekiiler diyagrami Sekil 4.22°de, R3(12), R3(8) ve R3(9) halka
motiflerini olusturan molekiiller aras1t N-H---O, O-H---O, O-H--*N ve C-H---O hidrojen

baglarini igeren kismi paketlenme diyagrami ise Sekil 4.23°de gosterilmistir.

Komplekse ait deneysel ayrintilar ¢izelge 4.10°da verilmistir. Cizelge 4.11°de Zn-O ve Zn-
N bag uzunluklar1 gosterilmistir. Molekiil i¢i ve molekiiller arasi1 hidrojen baglar1 ise
Cizelge 4.12’de gosterilmistir. Aritim sonucu elde edilen atom koordinatlari, bag
uzunluklar1 ve agilari, anizotropik termal parametreler ve torsiyon agilar1 Ek-5’deki ilgili

makalede [47] goriilebilir.
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Cizelge 4.10. Komplekse ait deneysel veriler

Kristal verileri
Kimyasal formiil

M,

Kristal sistemi, uzay grubu
Sicaklik (K)

a, b, c(A)

o, B,v(°)

V(A

Z

Radyasyon tipi

p (mm'™)

Kristal biiyiikliigii (mm)

Veri toplama

Difraktometre
Sogurma diizeltmesi

Tnins Trnax

Olgiilen, bagimsiz, gdzlenen
[/ > 206(])] yansimalar

Rin

(sin 0/A)max (A

Aritim

R[F* > 26(F)], wR(F), S
Yansima sayis1
Parametre sayis1

H atomu islemi

A Pmaxs A Pmin (e A-3)

[Zn(CgH4NO,)(CsHN,0)-(H,0);](CsH4sNO,)
533,81

Triklinik, P1

296

6,0858 (2), 8,7031 (3), 22,2357 (6)
81,882 (2), 87,806 (3), 88,007 (3)
1164,55 (6)

2

Mo K,

1.11

0,45 x 0,36 x 0,25

Bruker SMART BREEZE CCD
Multi-scan (SADABS [40])

0,625, 0,758
27167, 5839, 5450

0,034
0,670

0,030, 0,080, 1,05

5839

348

H atomlar1 sinirlandirilip aritilmastir.
0,35,-0,33

4.3.5.3. Molekiil ve Kristal Yapilarin Tartisilmasi

Sentezlenen tuzun kristal yapisinin asimetrik birimi bir adet kompleks katyonu ve bir adet
4-siyanobenzoat (CNB) anyonundan olusmustur. Zn" atomu bir adet 4-siyanobenzoat
anyonu, bir adet nikotinamid (NA) ligand1 ve ii¢ adet su molekiilii ile koordine olmustur.
CNB anyonu ve NA ligand1 sirasiyla ¢ift disli ve tek disli modlarda koordine olmustur
(Sekil 4.22).

Katyonda, Znl atomunun ¢evresindeki dort adet koordine olmus atom (O1, O2, O5 ve N2)
bozulmus kare-diizlem diizenlenmesi olustururken, Zn" atomunun dikkate deger olciide
bozulmus olan oktahedral koordinasyon ¢evresi eksensel pozisyonlardaki iki adet ilave su

molekiiliiniin O atomlar1 (04 ve 06) ile tamamlanmistir (Sekil 4.22).
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Karboksilat gruplarmdaki C1-O1 [1,2531 (18) A], C1-02 [1,2591 (19) A] ve C15-O7
[1,266 (2) A], C15-08 [1,237 (2) A] bag uzunluklarinin yakin olmasi lokalize tek ve cift
baglar yerine delokalize baglanma diizeninin varligini gosterir. Ortalama Zn-O bag
uzunluklari, benzoat oksijen atomlar1 i¢in 2,19 (11) A ve su oksijen atomlar igin 2,10 (9)
A iken; Zn-N bag uzunlugu 2,0545 (12) A’dur (Cizelge 4.11) ve ilgili yapilardaki
degerlere yakindir. Znl atomu, kapma acis1 59,48 (4)° olan diizlemsel (O1 / O2 / C1)
karboksilat grubunun 0,0093 (2) A yukarisindadir. Karsilik gelen O-Zn-O agilari,
[Zn(CoHoNO,)(CsHeN20)-2H,0] bilesiginde [48] 60,03 (6)°,
[Zn(CsHsNO,)(CsHsN20O)]-H,0 bilesiginde [49] 59,02 (8)° ve [Zn(CgH703)2(CsHsN2O)]
bilesiginde [50] 57,53 (5)°, 56,19 (5)° ve 59,04 (4)° dir.

Cizelge 4.11. Znl atomuna baglanan O ve N atomlarinin bag uzunluklar (A)

Znl-01 2,2724 (12) Znl-05  2,0132(11)
Znl-02  2,1163(12) Znl-06  2,1917 (14)
Znl-04  2,0917 (13) Znl-N2  2,0545 (12)

Ne 5
c1s
c17

Sekil 4.22. Yapist ¢oziilen tuzun asimetrik birimi. Yer degistirme elipsoidleri %50
olasilikla c¢izilmistir. Molekiiller aras1 O-H:--O hidrojen baglar1 kesikli c¢izgilerle
gosterilmistir.

44



Diizlemsel karboksilat gruplar1 [(O1 / O2 / CI) ve (O7 / O8 /C15)] ile komsu benzen
halkalar1 [A (C2-C7) ve C (C16-C21)] arasindaki dihedral agilar sirasiyla 10,25 (10)° ve
5,89 (14)°°dir. Benzen halkalar1 ile benzen ve piridin [B (N2 / C9-C13)] halkalari, A/ C =
77,84 (6)°, A/B=28,97(5)° ve B/ C=71,43 (5)°’lik dihedral agilarda yonlenmistir.
4.3.5.4.Supramolekiiler Ozellikler

Kristal yapida, N-H---Oy (k = karboksilat), O—Hg, Ok, O—Hg,**-Op, (na = nikotinamid),
O—Hg -"Nenp (cnb = siyanobenzoat) ve C—Hp,---Oy hidrojen baglar1 (Cizelge 4.12)
molekiiler bilesenleri, R3(12), R3(8) ve R3(9) halka motiflerini [33] olusturarak, (001)
diizlemine paralel tabakalar olusturacak sekilde baglar (Sekil 4.23). Ayrica, benzen
halkalar1 arasindaki n—m etkilesimleri, Cgl-- -Cgli ve Cgl-- -Cg3ii [simetri kodu: (1) 1-x, -y,
-z], swrastyla 3,791 (1) A ve 3,882 (1) A’luk halka merkezleri arasindaki mesafeleriyle

kristal yapmnin daha kararli olmasimi saglar.

Sekil 4.23. Kompleksin kristal paketlenmesinin kismi goriiniimii. R3(12), R3(8) ve R3(9)
halka motiflerini olusturan molekiiller aras1t N—H---O, O-H---O, O-H---N ve C-H:--O
hidrojen baglar1 kesikli ¢izgilerle gosterilmistir. Hidrojen bagi yapmayan hidrojen atomlar1
gosterilmemistir.
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Cizelge 4.12. Komplekse ait hidrojen bag1 geometrisi (A, ©)

D-H...A D-H H...A D...A D-H...A
N3—H31--02' 0,82(2)  2,13(3)  2,914(2) 162(2)
N3—H32--07' 0,92(3)  235(2)  3,261(2) 171(2)
04—H41--07" 0,75(2) 2,04(2) 2,7890(17) 173(3)
04—H42--08 0,76(3) 1,893)  2,6547(18) 175(3)
05—H51--07 0,80(2) 1,83(2)  2,6264(17) 171(3)
05—H52--01" 0,74(2) 2,05(2) 2,7610(17) 164(2)
06—H61--03" 0,75(3) 2,05(3) 2,7993(19) 170(3)
06—H62--N1" 0,76(3)  2,17(3)  2,918(3) 170(3)
Cl1-H11--07' 0,93 2,49 3,415(2) 177

Simetri kodlart: (i) x—1, y+1, z; (ii) x—1, y, z; (iii) x+1, y, z; (iv) —x+1, —y, —z. Cgl ve Cg3 sirasiyla A ve C
halkalarinin merkezleridir.

4.3.6. Trans-diaquabis(nikotinamid-xN")bis(4-nitrobenzoat-xO)mangan(Il),
[MH(C7H4NO4)2(C6H6N2O)z-(HzO)z] Kompleksi

4.3.6.1. Kristalin Sentezlenmesi

Kompleks, H,O (25 ml) i¢cindeki MnSO4-H,O (0,85 g, 25 mmol), H,O (25 ml) i¢indeki
nikotinamidin (1,22 g, 10 mmol) ve H>O (150 ml) i¢indeki sodyum 4-nitrobenzoatimn (1,90
g, 10 mmol) reaksiyonundan olusmustur. Karisim siiziiliip bir hafta boyunca oda

sicakliginda kristallenmeye birakilmis ve renksiz tek kristaller elde edilmistir. Kompleksin

kimyasal diyagrami Sekil 4.24°de gosterilmistir.

NH>»

NO,

Sekil 4.24. Kompleksin kimyasal diyagrami

4.3.6.2. Yap1 Aritimi

H3A ve H3B (NH; icin) ile H61 ve H62 (H,O i¢in) atomlar1 fark Fourier haritasindan
yerlestirilmis O-H = 0,85 (2) A ve N-H = 0,86 (2) A bag smirlamalar1 ile Uj,(H) =
1,5U(O, N) olacak sekilde aritilmustir. C-bagli H atomlar1 C-H = 0,93 A olacak sekilde
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geometrik olarak konumlandirilip Ujo(H) = 1,2U(C) ile artilmistir. Elde edilen
molekiiler yap1 Sekil 4.25°de, molekiiller aras1 N-H---O ve O-H---O hidrojen baglarmi

iceren paketlenme diyagrami ise Sekil 4.26’da gosterilmistir.

Komplekse ait deneysel ayrintilar cizelge 4.13’de verilmistir. Molekiil i¢i ve molekiiller
arast hidrojen baglar1 Cizelge 4.14°de goOsterilmistir. Aritim sonucu elde edilen atom
koordinatlari, bag uzunluklar1 ve agilari, anizotropik termal parametreler ve torsiyon agilari

Ek-6’daki ilgili makalede [51] goriilebilir.

Cizelge 4.13. Komplekse ait deneysel veriler

Kristal verileri
Kimyasal formiil

M,

Kristal sistemi, uzay grubu
Sicaklik (K)

a, b, c(A)

a,B,v(°)

V(A

Z

Radyasyon tipi

p (mm™)

Kristal boyutlari (mm)

Veri toplama

Difraktometre
Sogurma diizeltmesi

Tmins Trnax

Olgiilen, bagimsiz, gdzlenen
[/ > 206(])] yansimalar

Rin

(sin 0/A)max (A

Aritim

R[F* > 26(F°)], wR(F), S
Yansima sayis1
Parametre sayis1
Sinirlama sayist

H atomu aritimu

A Pmaxs A Pmin (e A-3)

[Mn(C7H4NO4)»(CsHeN,O),-(H,0);]
667,45

Triklinik, P1

296

7,6051 (3), 10,0027 (4), 10,2152 (4)
78,067 (3), 88,430 (4), 71,746 (3)
721,45 (5)

1

Mo K,

0,53

0,45 x 0,35 % 0,32

Bruker SMART BREEZE CCD
Multi-scan (SADABS [40])

0,765, 0,815
17255, 3595, 3475

0,027
0,669

0,058, 0,178, 1,17

3595

217

4

H atomlar1 sinirlandirilip aritilmstir.
1,00, -0,50
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4.3.6.3. Molekiil ve Kristal Yapilarin Tartisilmasi

Mononiikleer kompleksin asimetrik birimi, bir adet Mn" atomu (site simetrisi 1), bir adet
4-nitrobenzoat (NB) anyonu, bir adet nikotinamid (NA) ligand1 ve bir adet su molekiilii
icermektedir (Sekil 4.25).

Komplekste, iki adet simetri-bagimli tek disli NB anyonunun iki adet karboksilat O
atomlar1 (O2 ve O2i“) ile iki adet simetri-bagimli su molekiiliiniin O atomlar1 (O6 ve O6i“)
Mn" atomu etrafinda hafifce bozulmus kare-diizlem diizenlenmesi olusturur. Bu olugum iki
adet simetri-bagimli tek disli NA ligandinin eksensel pozisyonlardaki iki adet piridin N
atomu (N2 ve N2'") ile hafifce bozulmus oktahedral koordinasyona tamamlanir [simetri
kodu: (ii1) —x, -y, -z; Sekil 4.25].

@

i C11

\@/ C10 (\ .
W o

@_/

Sekil 4.25. Kompleksin molekiil yapisi. Yer degistirme elipsoidleri %40 olasilikla
cizilmistir. Molekiil ici O—H:--O hidrojen baglar1 kesikli ¢izgilerle gdsterilmistir.

Karboksilat grubundaki C-O bag uzunluklarmmm [C1-O1 = 1,253 (4) ve C1-02 = 1,248 (4)
A] yakin olmasi lokalize tek ve ¢ift baglar yerine delokalize baglanma diizeninin varhiini
gdsterir. Mn-O bag uzunluklar1 [2,156 (2) ve 2,115 (2) A] ve Mn-N bag uzunlugu [2,134
(3) A] standart degerlere yakindir. Mnl atomu, karboksilat grubu (O1 / O2 / Cl)
diizleminin 0,4172 (1) A iistiinde bulunmaktadir. O-Mn-O ve O-Mn-N bag acilar1 90°'lik
ideal degerden hafifce sapmaktadir. Karboksilat grubu (O1 / O2 / C1) ile komsu benzen
(C2-C7) halkas1 arasindaki dihedral ag¢1 24,4 (3)° iken, benzen ve piridin (N2 / C8-C12)
halkalar1 arasindaki dihedral a¢1 86,63 (11)°dir.
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4.3.6.4. Supramolekiiler Ozellikler

Kristal yapida, molekiiller arast N—Hp,---Opn, (na
karboksilat grubu) ve O-Hg,':Ona hidrojen baglar1 (Cizelge 4.14) molekiilleri ab
diizlemine paralel bir tabaka olusturacak sekilde baglar (Sekil 4.26). Olusan tabakada,
R3(8) ve R3(8) halka motifleri gozlenmistir. S6z konusu tabakalar, zayif C—H:--O hidrojen
baglari, zayif C-H---m etkilesimi (Cizelge 4.14) ve benzen halkalar1 arasmndaki n—mn
etkilesimi [Cgl---Cglix = 3,868 (2) A; simetri kodu: (ix) 1-x,-y,1-z] ile baglanarak iig-

boyutlu bir ag olugsmasina neden olur.

nikotinamid), N—Hp,---Ox (k

Cizelge 4.14. Komplekse ait hidrojen bag1 geometrisi (A, ©)

D-H...A D-H
N3—H3A--05" 0,90(5)
N3—H3B-+01" 0,90(4)
06—H61--01' 0,90(4)
06—H62:+-05" 0,89(3)
C3—H3--04" 0,93
C6—H6-01" 0,93
C12—H12--03" 0,93
C4—H4--Cgl" 0,93

H...A
2,07(6)
2,19(5)
1,78(5)
2,10(4)
2,59
2,40
2,54
2,91

D...A
2,898(6)
2,923(4)
2,646(5)
2,897(3)
3,456(6)
3,319(4)
3,416(7)
3,827(4)

D-H...A
152(4)
138(4)
161(4)
148(4)
156

170

157

172

Simetri kodlari: (i) —x, —y, —z; (i) —x+1, —y+1, —z; (iii) —x, —y+1, —z; (iv) —x+1, —y, —z; (v) x—1, vy, z; (vi)

x+1,y, z; (vii) x—1, y, z—1; (viii) x, y, z+1. Cgl, (C2-C7) benzen halkasinin merkezidir.

Sekil 4.26. Kompleksin kristal paketlenmesinin ab diizlemindeki kismi goriiniimii.
Molekiiller aras1 N-H---O ve O—H:--O hidrojen baglar1 kesikli ¢izgilerle gosterilmistir.
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4.3.7. Diaquabis(4-tert-biitilbenzoat-xO)bis(nikotinamid-xN")kobalt(IT)dihidrat,
[CO(C] 1H]302)2(C6H6N20)2-(H20)2] '2H20 Kompleksi

4.3.7.1. Kristalin Sentezlenmesi

Kompleks, H,O (75 ml) i¢indeki CoSO4-7H,0 (1,41 g, 5 mmol), H,O (25 ml) igindeki
nikotinamidin (1,22 g, 10 mmol) ve H,O (250 ml) i¢indeki sodyum 4-tert-biitilbenzoatin
(2,00 g, 10 mmol) reaksiyonundan olugsmustur. Karigim siiziilip 5 giin boyunca oda
sicakliginda kristallenmeye birakilmis ve pembe renkli tek kristaller elde edilmistir.

Bilesigin kimyasal diyagrami Sekil 4.27°da gdsterilmistir.

= 0

0 N NH; © (Hy0),

8] —N
A

Sekil 4.27. Kompleksin kimyasal diyagrami

4.3.7.2. Yap1 Arttimi

Aritim sirasinda tert-butil grup atomlarinda diizensizlik oldugu gézlenmistir ve bu diizensiz
C atomlar1 (C15A, C15B, C16A, C16B, C17A ve C17B) 0,631 (5) : 0,369 (5) sabit doluluk
oranlariyla aritimistr. H21 ve H22 (NH, i¢in) ile H41, H42, H51 ve H52 (H,O i¢in)
atomlar1 fark Fourier haritasindan yerlestirilmis ve serbest olarak aritilmistir. Aromatik ve
metil karbon atomlarina bagl hidrojen atomlari sirasiyla C—H = 0,93 ve 0,96 A ve Uiy (H)
= kxU¢q(C) olacak sekilde geometrik olarak konumlandirilip aritilmistir. Burada metil
hidrojen atomlar1 i¢in k=1,5 ve aromatik hidrojen atomlar1 i¢in k=1,2"dir. Elde edilen
molekiiler yap1 Sekil 4.28’de, R3(8), R3(10) ve R3(12) halka motiflerini [33] olusturan
molekiiller aras1t O—H:--O ve N—H---O hidrojen baglarmni iceren kismi kristal paketlenmesi
Sekil 4.29°da ve molekiiller aras1 ve molekiil i¢i O—H---O ve N-H:--O hidrojen baglarini

iceren [ 100] yoniindeki kismi kristal paketlenmesi ise Sekil 4.30°da gosterilmistir.
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Komplekse ait deneysel ayrintilar Cizelge 4.15°de verilmistir. Molekiil i¢i ve molekiiller

aras1 hidrojen baglar1 Cizelge 4.16’da gosterilmistir. Aritim sonucu elde edilen atom

koordinatlari, bag uzunluklar1 ve acgilari, anizotropik yer degistirme parametreleri ve

torsiyon agilar1 Ek-7"deki ilgili makalede [52] goriilebilir.

Cizelge 4.15. Komplekse ait deneysel veriler

Kristal verileri
Kimyasal formiil

M,

Kristal sistemi, uzay grubu
Sicaklik (K)

a b, c (A)

o, B,v(°)

V(AY)

Z

Radyasyon tipi

p (mm'™)

Kristal boyutlar1 (mm)

Veri toplama

Difraktometre
Sogurma diizeltmesi

Tnins Trnax

Olgiilen, bagimsiz, gdzlenen
[/ > 206(])] yansimalar

Rin

(sin 0/A)max (A

Aritim

R[F* > 26(F°)], wR(F), S
Yansima sayis1
Parametre sayis1
Sinirlama sayist

H atomu aritimu

A Pmaxs A Pmin (e A-3)

[Co(C41H30,)2(CcHgN,O),-(H,0),]-2H,0
729,69

Triklinik, P1

296

7,9608 (5), 10,0679 (6), 12,3007 (7)
72,087 (2), 74,841 (3), 78,660 (3)
898,17 (9)

1

Mo K,

0,54

0,45 x 0,34 x 0,28

Bruker SMART BREEZE CCD
Multi-scan (SADABS [40])

0,80, 0,86
19515, 4491, 4226

0,024
0,669

0,036, 0,101, 1,04

4491

276

156

H atomlar1 sinirlandirilip aritilmastir.
0,57,-0,20

4.3.7.3. Molekiil ve Kristal Yapilarin Tartisilmasi

Mononiikleer kobalt kompleksinin kristal yapisinin asimetrik birimi, bir adet koordine

olmus ve bir adet koordine olmamis su molekiilii, bir adet 4-tert-biitilbenzoat (TBB)

ligand1 ve bir adet nikotinamid (NA) ligand:1 igermektedir, tiim ligandlar tek disli olarak

koordine olmustur (Sekil 4.28).
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Komplekste, iki adet simetri-bagimli tek disli TBB anyonunun iki adet karboksilat O
atomlar1 (02 ve O2i) ile iki adet simetri-bagimli koordine olmus su molekiiliiniin O
atomlar1 (O4 ve O4i) Col atomu (site simetrisi 1) etrafinda hafifce bozulmus kare-diizlem
diizenlenmesi olusturur. Bu olusum iki adet simetri-bagimli tek disli NA ligandmin
eksensel pozisyonlardaki iki adet piridin N atomu (N1 ve Nli) ile hafifce bozulmus

oktahedral koordinasyon kiiresine tamamlanir [simetri kodu: (1) -x, -y, -z; Sekil 4.28].

SV C15b
%,:/9 C15a
oA ; Ci7b

w:f;;N1
Col. 3

Sekil 4.28. Kompleksin molekiil yapisi. Yer degistirme elipsoidleri %40 olasilikla
cizilmistir. Molekiiller aras1 ve molekiil ici O-H:--O hidrojen baglar1 kesikli ¢izgilerle
gosterilmistir.

Karboksilat gruplarmdaki CI1-O1 [1,2526 (17) A] ve C1-02 [1,2702 (16) A] bag
uzunluklarmin yakin olmasi lokalize tek ve ¢ift baglar yerine delokalize baglanma
diizeninin varligmn gosterir. Co-O bag uzunluklar1 2,1104 (11) A (su oksijenleri) ve 2,1252
(9) A (benzoat oksijenleri) iken, Co-N bag uzunlugu 2,1638 (11) A 'dur ve standart
degerlere yakindir. Col-O2-C1-C2 torsiyon acis1 [163,00 (9)°], ligandin hafifce asagiya

dogru egilmesine neden olur.

Diizlemsel karboksilat grubu (O1 / O2 / C1) ile komsu benzen halkas1 (C2-C7) arasindaki
dihedral a¢1 29,09 (10)° iken, benzen ve piridin (N1 / C9-C13) halkalar1 88,53 (4)°’lik bir

dihedral acisiyla yonlenmistir.
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4.3.7.4. Supramolekiiler Ozellikler

Molekiil i¢i O—Hg," O (k = karboksilat) hidrojen baglar1 (Cizelge 4.16) koordine olmus
su molekiillerini TBB anyonlarmin karboksil O atomlarma baglayarak S (6) hidrojen bag
motifini olustururken, molekiiller aras1 O—Hg, --Og, ve O—Hg,'*-Opna (na = nikotinamid)
hidrojen baglar1 (Cizelge 4.16) iki adet koordine olmamis su molekiiliinii koordine olmus
su molekiillerine ve NA anyonlarina baglar (Sekil 4.28). Bunun yam sira kristalde, O—
Hg"Ok, N—-Hyp, Oy ve N—Hy, Oy, hidrojen baglar1 (Cizelge 4.16) R3(8), R3(10) ve
R3(12) halka motifleri [33] (Sekil 4.29) ile molekiilleri (001) diizlemine paralel tabakalar
olusturacak sekilde baglar (Sekil 4.30).

Sekil 4.29. Kompleksin kristal paketlenmesinin kismi goriiniimii. Molekiiller aras1 O—
H---O ve N-H:--O hidrojen baglar1 kesikli ¢izgilerle gosterilmistir. Sadece ana diizensizlik
bileseni ve hidrojen bag1 yapan H atomlar1 gosterilmistir.

Cizelge 4.16. Komplekse ait hidrojen bag1 geometrisi (A, ©)

D-H...A D-H H...A D...A D-H...A
N2—H21--01" 0,82(2)  2,15(2) 2,935(2) 159(2)
N2—H22--03t 0,85(2)  2,07(2)  2,907(2) 166(2)
04—H41--01' 0,87(3) 1,793)  2,6230(17) 160(3)
04—H42--05 0,84(2)  2,01(2)  2,852(2) 176,4(19)
05—H51--03 0,82(3)  2,14(3)  2,942(2) 164(3)
05—H52--02" 0,87(3)  2,17(3)  3,0331(19) 175(3)

Simetri kodlar1: (i) —x, —y, —z; (ii) —x, —y+1, —z; (iii) —x+1, —y+1, —z; (iv) —x+1, —y, —z.
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Sekil 4.30. Kompleksin [100] yOniindeki kristal paketlenmesinin kismi goriiniimii.
Molekiiller aras1 ve molekiil i¢i O—H---O ve N-H---O hidrojen baglar1 kesikli ¢izgilerle
gosterilmistir. Sadece ana diizensizlik bileseni ve hidrojen bagi yapan H atomlar1
gosterilmistir.

5. SONUCLAR

Molekiil ve  kristal yapilar1 aydmlatilan = [Co(CgHs03)2(CsHaN2)(H20)2]n (1),
[Zn(CgHs503)2(C4HaN2)(H20)2]n (2) ve [Zn(C7H4NO4)2(CcHeN2O) 2] (3) bilesikleri kristal
yapida bir boyutlu polimerik zincirler olusturmaktadir. 1 ve 3 bilesiklerinde metal(II)
atomlar1 oktahedral koordinasyon kiiresine sahip olup benzoat ligandlarina tekdisli olarak
baglanmistir. 2 bilesiginde ise asimetrik birimde iki adet molekiil olup metal(Il) atomlar1
benzoat ligandlarma tekdisli ve ciftdisli olarak baglanmustir.
[Co(CsHaNO1)2(CeHgN20)2(H20)2]  (4),  [Mn(C7HaNO4)(CsHgN20)2(H20):]  (5)  ve
[Co(Ci1H1302)2(CsHeN20)2(H20);].2 H,O (6) bilesiklerinin asimetrik birimleri yarim
molekiil icerip metal(Il) atomlar1 simetri merkezlerinde bulunmaktadir ve oktahedral

koordinasyon kiirelerine sahiptir. Tiim ligandlar metal(Il) atomlarmna tekdisli olarak
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baglanmistir. [Zn(CsH4NO;)2(CsHeN2O)(H,0)3](CsHaNO,) (7) bilesiginde ise metal(II)
atomu oktahedral koordinasyon kiiresine sahip olup benzoat ligandma c¢iftdisli olarak
baglanmistir. Saptanan molekiil i¢i ve/veya molekiiller arasi hidrojen baglar1 ile C-H...wt ve
n ... © etkilesmeleri : O-H...O, C-H...O ve C-H...n (1 bilesigi i¢in), O-H...O, C-H...O,
C-H...m ve m...m (2 bilesigi i¢in), N-H...O ve C-H...O (3 bilesigi i¢in), O-H...O, N-H...O,
C-H...O, C-H...N ve C-H...m (4 bilesigi i¢in), N-H...O, C-H...O, C-H...nve n ... © (§
bilesigi i¢in), O-H...O ve N-H...O (6 bilesigi i¢in) ve O-H...O, N-H...O, C-H...O ve C-
H...N (7 bilesigi i¢in) seklindedir. Kristal yapida bulunan molekiiller aras1 hidrojen baglari:
R(16), R5(20) ve R&(16) (3 bilesigi icin), R3(8) ve R3(8) (4 ve 6 bilesikleri i¢in), R3(12),
R3(8) ve R3(9) (5 bilesigi icin) ve R3(8), R3(10) ve R3(12) (7 bilesigi i¢in) halka motiflerini

olusturarak, bu bilesiklerde kristal yapilarin oldukca kararli olmasina katkida bulunmaktadir.
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In the title polymeric compound, [Co(CsHsO3),(CH4N,)(H,0),],, the Co"
atom is located on a twofold rotation axis and has a slightly distorted octahedral
coordination sphere. In the equatorial plane, it is coordinated by two
carboxylate O atoms of two symmetry-related monodentate formylbenzoate
anions and by two N atoms of two bridging pyrazine ligands. The latter are
bisected by the twofold rotation axis. The axial positions are occupied by two O
atoms of the coordinating water molecules. In the formylbenzoate anion, the
carboxylate group is twisted away from the attached benzene ring by 7.50 (8)°,
while the benzene and pyrazine rings are oriented at a dihedral angle of
64.90 (4)°. The pyrazine ligands bridge the Co" cations, forming linear chains
running along the b-axis direction. Strong intramolecular O—H- - -:O hydrogen
bonds link the water molecules to the carboxylate O atoms. In the crystal, weak
O—Hgater * *Owater hydrogen bonds link adjacent chains into layers parallel to
the bc plane. The layers are linked via C—Hpyrasine:  *Oformy1 hydrogen bonds,
forming a three-dimensional network. There are also weak C—H:--mw
interactions present.

1. Chemical context

The structural functions and coordination relationships of the
arylcarboxylate ion in transition metal complexes of benzoic
acid derivatives change depending on the nature and position
of the substituent groups on the benzene ring, the nature of
the additional ligand molecule or solvent, and the medium of
the synthesis (Adiwidjaja et al., 1978; Antsyshkina et al., 1980;
Nadzhafov et al, 1981; Shnulin et al., 1981). Transition metal
complexes with biochemically active ligands frequently show
interesting physical and/or chemical properties and, as a
result, they may find applications in biological systems
(Antolini er al., 1982). Some benzoic acid derivatives, such as
4-aminobenzoic acid, have been extensively reported in
coordination chemistry, as bifunctional organic ligands, due to
the varieties of their coordination modes (Chen & Chen, 2002;
Amiraslanov et al., 1979; Hauptmann et al., 2000).

In this context, we report the synthesis and crystal structure
of the title compound, [Co(CgHsOs3),(C4H4N,)(H,0),],,
which is isotypic with its Cu'" (Celik et al, 2014a) and Ni"
(Celik et al., 2014b) analogues.

2. Structural commentary

The asymmetric unit of the title compound contains a Co' ion,
one formylbenzoate (FB) anion, one water molecule and half
of a pyrazine molecule. Atoms N1 and N2 of the pyrazine
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ligand and Col are located on a twofold rotation axis (Fig. 1).
The pyrazine ligands bridge adjacent Co" ions, forming
polymeric chains running along the b-axis direction (Fig. 2).
The distance between symmetry-related Co" ions
[Col---Col'; symmetry code: (iii) x, y + 1, z] is 7.1193 (4) A.

N
| AN
Y O,
N \)
; <:> o
(0]
H20. /
H»

Co

A O
()

The equatorial plane of the Co"O,N, coordination sphere is
composed of two carboxylate O atoms [O1 and O1'; symmetry
code: (i) 2 — x, y, 3 — z] of two symmetry-related monodentate
formylbenzoate anions and two N atoms [N1 and N2
symmetry code: (ii) x, —1 + y, z] of two bridging pyrazine
ligands, which are bisected by the twofold rotation axis. The
axial positions are occupied by two O atoms (O4 and O4') of
the coordinating water molecules.

Figure 1

A view of the coordination environment around the Co" atom of the title
molecule, showing the atom labelling. Displacement ellipsoids are drawn
at the 50% probability level. The twofold rotation axis bisects atoms Col,
N1 and N2. Non-labelled atoms are generated by the symmetry code
—x+2,y,—z+3

Table 1 .
Hydrogen-bond geometry (A, °).

Cgl1 is the centroid of ring A (C2-C7).

D—H---A D—H H---A DA D—H---A
04—H41.--02 0.89 (3) 1.72(3)  2.5909 (16) 164 (2)
O4—H42---04  071(3)  263(3)  2958(2) 111 (2)
C10—H10---03" 093 2.46 3320 (2) 154
C7—H7---Cgl™ 0.93 2.65 3.4216 (15) 142

Symmetry codes: (i) —x + 2, —y, —z + 1; (i) —x +3, =y +1, —z + 2; (qi)) x, —y, z — L.

The near equality of the C1—01 [1.272 (2) A] and C1—-02
[1.245 (2) A] bonds in the carboxylate group indicates a
delocalized bonding arrangement, rather than localized single
and double bonds. The Co—N bond length is 2.165 (9) A,
while the Co—O bond lengths are 2.0551 (9) A (for benzoate
oxygen) and 2.1491 (11) A (for water oxygen), close to stan-
dard values. The Col atom is displaced by 0.1034 (2) A from
the mean plane of the carboxylate group (O1/C1/0O2). The
dihedral angle between the carboxylate group and the adja-
cent benzene ring A (C2-C7) is 7.50 (8)°, while the benzene
and pyrazine rings are oriented at a dihedral angle of
64.90 (4)°.

3. Supramolecular features

Strong intramolecular O—H- - -O hydrogen bonds (Table 1)
link the water molecules to the non-coordinating carboxylate
oxygen atoms. In the crystal, weak O—Hgyaer - -Owater
hydrogen bonds (Table 1) link adjacent chains into layers
parallel to the bc plane. The layers are linked via C—

Hpyrazine' - *Otormyt hydrogen bonds, forming a three-dimen-

sional network (Fig. 3). There are also weak C—H- - -7 inter-
actions present (Table 1).

Figure 2
A partial view of the crystal packing of the title compound.

340 Askinetal. + [ColCgH505)5(C4H4N,)(H,0),]
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Figure 3
Part of the crystal structure. Intermolecular hydrogen bonds are shown as
dashed lines. Non-bonding H atoms have been omitted for clarity.

4. Refinement

The experimental details including the crystal data, data
collection and refinement are summarized in Table 2. Atoms
H41 and H42 (for H,O) were located in a difference Fourier
map and were refined freely. The methine H atom was also
located in a difference Fourier map and the C—H distance
restrained to 0.984 (13) A. The aromatic C-bound H atoms
were positioned geometrically with C—H = 0.93 A, and
constrained to ride on their parent atoms, with Uj,,(H) =
1.2U.4(C).

5. Synthesis and crystallization

The title compound was prepared by the reaction of
CoS0O,4-7H,0O (1.40 g, 5 mmol) in H,O (25 ml) and pyrazine
(040 g, 5mmol) in H,O (25ml) with sodium 4-formyl-
benzoate (1.72 g, 10 mmol) in H,O (70ml) at room
temperature. The mixture was filtered and set aside to crys-
tallize at ambient temperature for one week, giving orange
single crystals.
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Table 2
Experimental details.

Crystal data

Chemical formula

Mr

Crystal system, space group
Temperature (K)

a, b, c (A)

Radiation type
p (mm~")
Crystal size (mm)

Data collection
Diffractometer
Absorption correction

Tins Tmax

No. of measured, independent and
observed [I > 20(I)] reflections

Rint

(sin 0/2)max (A1)

Refinement

R[F? > 26(F?)], wR(F?), S
No. of reflections

No. of parameters

No. of restraints

H-atom treatment

APrmass Apin (€ A7)

[Co(CsH503),(C4H4N,)(H,0),]
473.29

Monoclinic, C2/¢

296

22.1623 (6), 7.1193 (2), 12.2911 (3)
94.432 (1)

1933.49 (9)

4

Mo Ka

0.94

0.47 x 0.22 x 0.11

Bruker SMART BREEZE CCD

Multi-scan (SADABS; Bruker,
2012)

0.830, 0.914

27023, 2427, 2336

0.024
0.668

0.025, 0.071, 1.06

2427

154

1

H atoms treated by a mixture of
independent and constrained
refinement

0.35, —0.34

Computer programs: APEX2 and SAINT (Bruker, 2012), SHELXS97 and SHELXL97
(Sheldrick, 2008), ORTEP-3 for Windows and WinGX (Farrugia, 2012) and PLATON

(Spek, 2009).
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Crystal structure of Catena-poly[[diaquabis(4-formy|benzoato-rcO‘)cobalt(lI)]-,u-

pyrazine-x*N:N']

Giilcin Sefiye Askin, Fatih Celik, Nefise Dilek, Hacali Necefoglu and Tuncer Hokelek

Computing details

Data collection: APEX2 (Bruker, 2012); cell refinement: SA/NT (Bruker, 2012); data reduction: SA/NT (Bruker, 2012);
program(s) used to solve structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine structure: SHELXL97
(Sheldrick, 2008); molecular graphics: ORTEP-3 for Windows (Farrugia, 2012); software used to prepare material for
publication: WinGX (Farrugia, 2012) and PLATON (Spek, 2009).

catena-Poly[[diaquabis(4-formylbenzoato-xO")cobalt(ll)]-p-pyrazine-x*N:N']

Crystal data

[Co(CsH;50;3),(C4H4N,)(H0);,]
M,=473.29

Monoclinic, C2/c

Hall symbol: -C 2yc
a=22.1623 (6) A

b=17.1193 (2) A
c=122911(3) A

[ =94.432 (1)°

V'=1933.49 (9) A3

Z=4

Data collection

Bruker SMART BREEZE CCD
diffractometer

Radiation source: fine-focus sealed tube

Graphite monochromator

¢ and w scans

Absorption correction: multi-scan
(SADABS; Bruker, 2012)

Tnin = 0.830, Trax = 0.914

Refinement

Refinement on F*
Least-squares matrix: full
R[F? > 20(F%)] = 0.025
wR(F?)=0.071

§=1.06

2427 reflections

154 parameters

1 restraint

F(000) =972

D;=1.626 Mg m™

Mo Ko radiation, A = 0.71073 A

Cell parameters from 9866 reflections
0=24-28.3°

4 =0.94 mm™!

T=296K

Block, orange

0.47 x 0.22 x 0.11 mm

27023 measured reflections
2427 independent reflections
2336 reflections with /> 20(1)
Ri=0.024

Ormax = 28.4°, Onin = 1.8°
h=-29—-29

k=-9-9

I=-16—16

Primary atom site location: structure-invariant
direct methods

Secondary atom site location: difference Fourier
map

Hydrogen site location: inferred from
neighbouring sites

H atoms treated by a mixture of independent
and constrained refinement
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w = 1/[c*(F,?) + (0.0409P)* + 1.5712P]
where P = (F,> + 2F2)/3
(A/0)max = 0.001

Apmax =035 A3
Apwin=—0.34 ¢ A3

Special details

Geometry. All esds (except the esd in the dihedral angle between two 1.s. planes) are estimated using the full covariance
matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles;
correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate
(isotropic) treatment of cell esds is used for estimating esds involving L.s. planes.

Refinement. Refinement of F? against ALL reflections. The weighted R-factor wR and goodness of fit S are based on F?,
conventional R-factors R are based on F, with F set to zero for negative F2. The threshold expression of F? > 2sigma(F?) is
used only for calculating R-factors(gt) etc. and is not relevant to the choice of reflections for refinement. R-factors based
on F? are statistically about twice as large as those based on F, and R- factors based on ALL data will be even larger.

Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (42)

x y Z Uiso™ Uqq

Col 1.0000 —0.05145 (3) 0.7500 0.01998 (9)
0Ol 0.91572 (4) —0.04830 (13) 0.80894 (9) 0.0276 (2)
02 0.86274 (5) —0.17780 (18) 0.66579 (9) 0.0402 (3)
03 0.60114 (6) -0.1312 (3) 0.95577 (12) 0.0651 (4)
04 0.96115 (5) —0.06701 (18) 0.58454 (9) 0.0352 (2)
H41 0.9245 (12) —0.104 (4) 0.600 (2) 0.058 (6)*
H42 0.9564 (12) 0.019 (4) 0.555(2) 0.066 (8)*
N1 1.0000 0.2518 (2) 0.7500 0.0247 (3)
N2 1.0000 0.6436 (2) 0.7500 0.0235 (3)
Cl 0.86731 (5) —0.11157 (17) 0.75983 (11) 0.0240 (2)
C2 0.81095 (5) —0.10250 (17) 0.82116 (10) 0.0226 (2)
C3 0.81105 (6) —0.0089 (2) 0.92052 (11) 0.0268 (2)
H3 0.8467 0.0439 0.9518 0.032%*
C4 0.75794 (6) 0.0058 (2) 0.97289 (11) 0.0301 (3)
H4 0.7580 0.0682 1.0394 0.036*
Cs5 0.70463 (6) —0.0726 (2) 0.92617 (12) 0.0292 (3)
C6 0.70446 (6) —0.1685 (2) 0.82755 (12) 0.0307 (3)
H6 0.6689 —0.2222 0.7967 0.037*
C7 0.75745 (6) —0.18340 (19) 0.77557 (11) 0.0271 (3)
H7 0.7574 —0.2478 0.7098 0.032*
C8 0.64849 (8) —0.0553 (3) 0.98296 (15) 0.0430 (4)
H8 0.6472 (7) 0.029 (2) 1.0463 (12) 0.021 (4)*
C9 0.97461 (6) 0.35053 (18) 0.82681 (11) 0.0287 (3)
H9 0.9563 0.2869 0.8815 0.034*
C10 0.97486 (7) 0.54530 (17) 0.82719 (12) 0.0282 (3)
H10 0.9571 0.6090 0.8825 0.034*
Atomic displacement parameters (42)

Ull 1]22 l]33 UIZ U13 []23
Col 0.01683 (12) 0.01603 (12) 0.02763 (14) 0.000 0.00520 (8) 0.000
0Ol 0.0180 (4) 0.0288 (5) 0.0366 (5) —0.0022 (3) 0.0058 (4) —0.0040 (4)
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02 0.0284 (5) 0.0584 (7) 0.0351 (5) —0.0116 (5) 0.0103 (4) —0.0128 (5)
03 0.0296 (6) 0.1092 (13) 0.0583 (8) —0.0015 (7) 0.0149 (5) 0.0049 (9)
04 0.0299 (5) 0.0449 (6) 0.0312 (5) —0.0052 (5) 0.0051 (4) 0.0083 (5)
N1 0.0217 (7) 0.0178 (6) 0.0353 (8) 0.000 0.0065 (6) 0.000

N2 0.0242 (7) 0.0172 (6) 0.0301 (7) 0.000 0.0078 (6) 0.000

Cl 0.0197 (5) 0.0204 (5) 0.0324 (6) —-0.0004 (4) 0.0059 (4) 0.0013 (5)
C2 0.0193 (5) 0.0218 (5) 0.0270 (6) 0.0006 (4) 0.0039 (4) 0.0022 (4)
C3 0.0224 (6) 0.0303 (6) 0.0272 (6) 0.0003 (5) —0.0008 (5) —-0.0012 (5)
C4 0.0312 (7) 0.0337 (7) 0.0259 (6) 0.0040 (6) 0.0048 (5) —0.0022 (5)
Cs5 0.0236 (6) 0.0332 (7) 0.0317 (6) 0.0046 (5) 0.0086 (5) 0.0055 (5)
C6 0.0207 (6) 0.0367 (7) 0.0351 (7) —0.0048 (5) 0.0038 (5) —0.0002 (6)
C7 0.0234 (6) 0.0308 (6) 0.0274 (6) —0.0050 (5) 0.0048 (5) —0.0036 (5)
C8 0.0316 (8) 0.0576 (11) 0.0417 (8) 0.0079 (7) 0.0152 (6) 0.0035 (7)
C9 0.0318 (6) 0.0211 (6) 0.0349 (7) —0.0002 (5) 0.0137 (5) 0.0036 (5)
C10 0.0332 (7) 0.0210 (6) 0.0321 (7) 0.0016 (5) 0.0141 (5) —0.0009 (5)
Geometric parameters (A, ©)

Col—O1 2.0551 (9) C2—C1 1.5093 (17)
Col—O1! 2.0551 (9) C2—C3 1.3911 (18)
Col—04 2.1491 (11) c2—C7 1.3961 (17)
Col—04 2.1491 (11) C3—H3 0.9300

Col—NI1 2.1588 (15) C4—C3 1.3884 (18)
Col—N2i 2.1714 (15) C4—H4 0.9300

01—Cl1 1.2721 (16) C5—C4 1.390 (2)
02—Cl1 1.2451 (17) C5—Ce6 1.391 (2)
03—C8 1.205 (2) C5—C8 1.478 (2)
04—H41 0.89 (3) C6—H6 0.9300

04—H42 0.71 (3) C7—Co6 1.3836 (18)
N1—C9 1.3357 (15) C7—H7 0.9300

N1—C9' 1.3357 (15) C8—HS8 0.984 (13)
N2—Colii 2.1714 (15) C9—H9 0.9300

N2—C10 1.3347 (15) C10—C9 1.3866 (19)
N2—C10' 1.3347 (15) C10—H10 0.9300
01—Col—oOl! 178.75 (5) C3—C2—C1 120.92 (11)
01—Col1—04 91.46 (4) c3—C2—C7 119.58 (12)
01'—Col—04 88.60 (4) C7—C2—Cl1 119.46 (11)
01—Col—04i 88.60 (4) C2—C3—H3 120.0
01-—Col—04! 91.46 (4) C4—C3—C2 119.94 (12)
0O1—Col—N1 89.38 (3) C4—C3—H3 120.0
O1'—Col—N1 89.38 (3) C3—C4—C5 120.15 (13)
O1—Col—N2i 90.62 (3) C3—C4—H4 119.9
O1—Col—N2i 90.62 (3) C5—C4—H4 119.9
04—Col—04 174.09 (7) C4—C5—C6 120.13 (12)
04—Col—NI1 92.96 (4) C4—C5—C8 119.41 (14)

04 —Col—N1 92.96 (4) C6—C5—C8 120.46 (14)
04—Col—N2i 87.04 (4) C5—C6—H6 120.2
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04'—Col—N2i 87.04 (4) C7—C6—C5 119.67 (12)
N1—Col—N2i 180.000 (1) C7—C6—H6 120.2
C1—01—Col 125.81 (9) C2—C7—H7 119.7
Col—04—H41 96.6 (15) C6—C7—C2 120.52 (12)
Col—04—H42 118 (2) C6—C7—H7 119.7

H41— 04— H42 105 (3) 03—C8C5 125.34 (17)
C9—N1—Col 121.75 (8) 03—C8—H8 114.5 (10)
C9—NI1—Col 121.75 (8) C5—C8—H8 120.1 (10)
C9—N1—C9 116.49 (15) N1—C9—C10 121.79 (12)
C10—N2—Col' 121.61 (8) N1—C9—H9 119.1
C10—N2—Col i 121.61 (8) C10—C9—H9 119.1
C10—N2—C10' 116.79 (15) N2—C10—C9 121.57 (12)
0o1—C1—C2 116.62 (11) N2—C10—HI10 119.2
02—C1—O0l1 125.42 (12) C9—C10—H10 119.2
02—C1—C2 117.96 (11)

04—Col—01—C1 23.45 (11) C3—C2—C1—O0l 7.53 (18)
04'—Col—01—Cl1 ~150.64 (11) C3—C2Cl1—02 ~171.75 (13)
N1—Co1—O01—Cl1 116.39 (10) C7—C2—C1—01 —174.80 (12)
N2i-Col—0O1—Cl —63.61 (10) C7—C2—C1—02 5.92 (18)
O1—Col—N1—C9 35.39 (8) C1—C2—C3—C4 176.79 (12)
01'—Col—N1—C9 ~144.61 (8) C7—C2—C3—C4 —-0.9(2)
01—Col1—N1—C9 —144.61 (8) C1—C2—C7—C6 —176.64 (12)
01" —Col—N1—C9' 35.39 (8) C3—C2—C7—C6 1.1(2)
04—Col—N1—C9 126.82 (8) C5—C4—C3—C2 -0.1(2)
04— Col—N1—C9 ~53.18 (8) C4—C5—C6—C7 -0.8(2)
04—Col—N1—C9 —53.18 (8) C6—C5—C4—C3 1.0 (2)
04-—Col—N1—C9! 126.82 (8) C8—C5—C4—C3 —179.86 (14)
Col—0O1—C1—02 -3.6 (2) C8—C5—Co6—C7 —179.95 (14)
Col—O1—Cl1—C2 177.23 (8) C4—C5—C8—03 ~172.93 (18)
Col—N1—C9—CI10 179.66 (10) C6—C5—C8—03 6.3(3)
C9—NI1—C9—C10 —0.34 (10) C2—C7—C6—C5 -0.2 (2)
Coli—N2—C10—C9 179.66 (10) N2—C10—C9—NI1 0.7 (2)
C10—N2—C10—C9 —0.34 (10)

Symmetry codes: (i) —x+2, y, —z+3/2; (ii) x, y—1, z; (iii) x, y+1, z.

Hydrogen-bond geometry (4, °)

Cgl is the centroid of ring 4 (C2—C7).

D—H-4 D—H H---A4 DA D—H:-4
04—H41--02 0.89 (3) 1.72 (3) 2.5909 (16) 164 (2)
04— H42--04" 0.71 (3) 2.63 (3) 2.958 (2) 111 (2)
C10—H10--03" 0.93 2.46 3.320(2) 154
C7—H7-Cglv 0.93 2.65 3.4216 (15) 142

Symmetry codes: (iv) —x+2, =y, —z+1; (v) —x+3/2, —y+1/2, —z+2; (i) x, —y, z—1/2.
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Edited by M. Weil, Vienna University of The asymmetric unit of  the title polymeric compound,
Technology, Austria [Zn(CgH503),(C4H4N,)(H,0)],,, contains two molecular units. Each unit
comprises two 4-formylbenzoate (FB) anions, one pyrazine molecule and one
coordinating water molecule; the FB anions act either as bidentate or as
monodentate ligands. The O atoms of the bidentately coordinating FB anions
are disordered over two positions, and they were refined with fixed occupancy
ratios of 0.75:0.25 and 0.70:0.30, respectively. In the ordered monodentately
Keywords: crystal structure; zinc; transition coordinating FB anions, the carboxylate groups are twisted away from the
metal complexes of benzoic acid derivatives; attached benzene rings (B and E) by 12.1 (2) and 9.2 (2)°, respectively. In the
hydrogen bonding; 7 interactions; C—H: --x disordered FB anions, the corresponding angles are 14.1 (1) and 4.0 (2)° for
benzene rings A and D, respectively. Benzene rings A and B are oriented at a
CCDC reference: 1054503 dihedral angle of 45.7 (1)°, D and E at 23.2 (1)°. Pyrazine ring C makes dihedral
Supporting information: this article has angles of 85.6 (1) and 72.7 (1)°, respectively, with benzene rings A and B, and
supporting information at journals.iucr.org/e pyrazine ring F makes dihedral angles of 87.0 (1) and 81.3 (1)° with benzene
rings D and E, respectively. The pyrazine ligands bridge the Zn" cations,
forming polymeric chains running parallel to the b-axis direction. Medium-
strength intramolecular O—H- - -O hydrogen bonds link the water molecules to
the carboxylate O atoms. In the crystal, water—carboxylate O—H- - -O hydrogen
bonds link adjacent chains into layers parallel to the bc plane. The layers are
linked via weak pyrazine—formyl C—H- - -O and formyl-carboxylate C—H- - -O
hydrogen bonds. 7—m contacts between the benzene rings, with centroid-to-
centroid distances of 3.7765 (16), 3.7905 (15) and 3.8231 (16) A, may further
stabilize the structure. There are also weak C—H- - -7 interactions present.

interactions

1. Chemical context

The structural functions and coordination relationships of the
arylcarboxylate ion in transition metal complexes of benzoic
acid derivatives change depending on the nature and position
of the substituent groups on the benzene ring, the nature of
the additional ligand molecule or solvent, and the medium of
the synthesis (Adiwidjaja et al., 1978; Antsyshkina et al., 1980;
Nadzhafov et al, 1981; Shnulin et al., 1981). Transition metal
complexes with biochemically active ligands frequently show
interesting physical and/or chemical properties, and as a result
they may find applications in biological systems (Antolini et
al., 1982). Some benzoic acid derivatives, such as 4-amino-
benzoic acid, have been extensively studied in coordination
chemistry as bifunctional organic ligands due to their different
coordination modes (Chen & Chen, 2002; Amiraslanov ef al.,
1979; Hauptmann et al., 2000).
In this context, we report the synthesis and crystal structure
of the title compound, [Zn(CsHs03),(C4H4N,)(H,0)],,, which
OPEN @ ACCESS is closely relatef)d to it£ C((i analogle( (Celik )e(t al., )21014). In
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comparison with the latter, the title compound has a doubled ¢
axis.

2. Structural commentary

The asymmetric unit of the title polymeric compound contains
two molecular units. Each unit bears two 4-formylbenzoate
(FB) anions, one pyrazine molecule and one coordinating

Figure 1

The asymmetric unit of the title compound, showing the atom-numbering
scheme. Displacement ellipsoids are drawn at the 50% probability level.
H atoms have been omitted for clarity and only the major occupancy
components of the disordered carboxylate O atoms are shown.

Figure 2
A partial view of the crystal packing of the title compound. H atoms have
been omitted for clarity.

water molecule; the FB anions act either as bidentate or
monodentate ligands (Fig. 1). The pyrazine ligands bridge
adjacent Zn" ions, forming polymeric chains running parallel
to the b-axis direction (Fig. 2). The distances between the
symmetry-related Zn" ions [Znl.--Znl' and Zn2-.-Zn2';
symmetry code (i) x, y + 1, z] is 7.1729 (5) A and corresponds
to the length of the b axis.

The O1—Zn1—02 and O8—Zn2—09 angles are 58.88 (7)
and 59.00 (7)°, respectively. The corresponding O—M—0O
(where M is a transition metal) angles are 52.91 (4) and
53.96 (4)° in [Cd(CgH503),(CsHsN,O),(H,0)]-H,O (Hokelek
et al., 2009), 53.50 (14)° in [Cu,y(CsH;505)4(CsHgN,O),4] (Sert-
celik et al, 2013) and 53.89 (17) and 53.88 (18)° in
[Cd(CsHs03),(C4H4N,)(H,0)], (Celik et al., 2014).

The near equality of the C1—0O1 [1.251 (3) A], C1—-02
[1.256 (3) A], C9—03 [1.257 (3) A], C9—04 [1.227 (3) A]
and C21—O08 [1.248 (3) A], C21—09 [1.259 (3) A], C29—
010 [1.258 (3) A], C29—011 [1.230 (3) A] bonds in the
carboxylate groups indicate delocalized bonding arrange-
ments, rather than localized single and double bonds. The
average Zn—O and Zn—N distances are 2.11 (12) A and
2.194 (6) A, respectively, close to standard values. The Zn
atoms lie 0.0484 (3) and 0.0571 (3) A below [Zn1 relative to
(01/02/C1) and (03/04/C9)] and 0.0623 (3) and 0.1322 (3) A
above [Zn2 relative to (O8/09/C21) and (O10/011/C29)] the
carboxylate groups. The dihedral angles between the planar
carboxylate groups [(O1/02/C1), (O3/04/C9) and (O8/0Y/
C21), (010/011/C29)] and the adjacent benzene rings [A
(C2—C7), B (C10—C15) and D (C22—C27), E (C30—C35)]
are 14.1 (2), 12.1 (2), 4.0 (2) and 9.2 (2)°, respectively, while
the benzene rings are oriented at dihedral angles of 45.7 (1)
and 23.2 (1)°. On the other hand, the pyrazine rings [C (N1/
N2/C17-C20) and F (N3/N4/C37-C40)] are oriented at dihe-
dral angles of 85.6 (1), 72.7 (1), 87.0 (1) and 81.3 (1)° with
respect to benzene rings A, B, D and E, respectively.

Acta Cryst. (2015). E71, 402—405

403

Askin et al. + [Zn(CgHs503),(C4H4N,)(H,0)]



research communications

Table 1 .
Hydrogen-bond geometry (A, °).

Cg8 and Cgl0 are the centroids of rings B (C10-C15) and E (C30-C35),
respectively.

D—H.--A D—H H---A D---A D—H.---A
O7—H71---09 0.90 (2) 1.82 (2) 2.694 (3) 165 (2)
07—H72---011 0.87 (2) 178 (2) 2.640 (3) 170 (2)
O14—H141. -.02! 0.83 (2) 1.90 (2) 2.705 (3) 165 (2)
O14—H142- - .04 0.84 (2) 1.80 (3) 2.635 (3) 172 (3)
C17—H17---0124™" 0.93 2.56 3.375 (5) 146
C19—H19- - -06' 0.93 247 3222 (4) 138
C23—H23---01 0.93 2.57 3.361 (3) 143
C38—H38.--05A" 0.93 2.59 3.381 (4) 144
C39—H39- --013" 0.93 2.47 3.154 (4) 130
Cl2—H12---Cgl0" 0.93 2.81 3.579 (3) 140
C32—H32---Cg8" 0.93 2.78 3.468 (3) 132

Symmetry  codes: (i) x,—y+iz-—L% (i) —x+1,y+i—-z+% (i)
—x+2,-y+2,—z+L (V) —x+2,y+5 —z+5 () —x,y L —z+1

3. Supramolecular features

Medium-strength intramolecular O—H- - -O hydrogen bonds
(Table 1) link the water molecules to the carboxylate oxygen
atoms. In the crystal, water—carboxylate O—H- - -O hydrogen
bonds (Table 1) link adjacent chains into layers parallel to the
bc plane (Fig. 3). The layers are linked via pyrazine—formyl
C—H---O and formyl-carboxylate C—H---O hydrogen
bonds, forming a three-dimensional supramolecular structure
(Fig. 4). m—m contacts between the benzene rings, A---A',
B---B" and D---D"™ with centroid-to-centroid distances of

Figure 3

Part of the crystal structure. Intermolecular water—carboxylate O—
H- - -O hydrogen bonds are shown as dashed lines. H atoms not involved
in hydrogen bonds have been omitted for clarity.
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Figure 4

Part of the supramolecular structure formed by the intermolecular water—
carboxylate O—H..-O, pyrazineformyl C—H-..--O and formyl-
carboxylate C—H- - -O hydrogen bonds. Hydrogen bonds are shown as
dashed lines. H atoms not involved in hydrogen bonds have been omitted
for clarity.

3.7765 (16), 3.7905 (15) and 3.8231 (16) A, respectively
[symmetry codes: (i) 1 — x, —y, —z; (ii) —x, —y, —z; (iii) 1 — x,
—1 +y,1 — z] may further stabilize the structure. There are
also weak C—H- - -7 interactions present (Table 1).

Table 2
Experimental details.

Crystal data
Chemical formula
Mr

Crystal system, space group
Temperature (K)
a, b, c (A)

B ()

V(A%

zZ

Radiation type

(4 (mm~")

Crystal size (mm)

Data collection
Diffractometer
Absorption correction

Tinin> Tinax

No. of measured, independent and
observed [I > 20([)] reflections

Rint

(Sin O/A ) max (A7)

Refinement

R[F? > 26(F?)], wR(F?), §
No. of reflections

No. of parameters

No. of restraints

H-atom treatment

APrmass Apin (e A7)

[Zn(CsH505),(C4HyN,) (H,0)]
461.74

Monoclinic, P2,/c

296

22.4721 (7), 7.1729 (2), 23.6377 (8)
91.764 (2)

3808.4 (2)

8

Mo Ka

1.34

0.50 x 0.29 x 0.28

Bruker SMART BREEZE CCD

Multi-scan (SADABS; Bruker,
2012)

0.628, 0.676

87627, 9571, 7984

0.031
0.670

0.041, 0.102, 1.10

9571

583

8

H atoms treated by a mixture of
independent and constrained
refinement

0.64, —0.65

Computer programs: APEX2 and SAINT (Bruker, 2012), SHELXS97 and SHELXL97
(Sheldrick, 2008), ORTEP-3 for Windows and WinGX (Farrugia, 2012) and PLATON

(Spek, 2009).
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4. Synthesis and crystallization

The title compound was prepared by the reaction of
ZnSO,-H,0 (0.90 g, 5 mmol) in H,O (25 ml) and pyrazine
(040 g, 5mmol) in H,O (25ml) with sodium 4-formyl-
benzoate (1.72 g, 10 mmol) in H,O (70 ml). The mixture was
filtered and set aside to crystallize at ambient temperature for
one week, giving colorless single crystals.

5. Refinement

The experimental details including the crystal data, data
collection and refinement are summarized in Table 2. Atoms
H71, H72, H141, H142 (for H,0O) and H16, H36 (for CH) were
located in a difference Fourier map and the O7—H71, O7—
H72, O14—H141, O14—H142, Cl6—Hl6, C36—H36
distances and H71—O7—H72 angle restrained to 0.897 (16),
0.866 (16), 0.826 (17), 0.845 (18), 0.943 (18), 0.937 (18) A and
106 (2)°, respectively. The C-bound H atoms were positioned
geometrically, with C—H = 0.93 and 0.98 A for aromatic and
methine H atoms, respectively, and constrained to ride on
their parent atoms, with Ujso(H) = 1.2U.4(C). The O atoms of
the two bidentately coordinating FB anions are disordered
over two positions. The O atoms (O5A4, O5B and O12A4,
O12B) were refined with fixed occupancy ratios of 0.75:0.25
and 0.70:0.30, respectively.
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Crystal structure of catena-poly[[aquabis(4-formylbenzoato)-x*O',0";xO"-

zinc]-p-pyrazine-x*N:N']

Giilcin Sefiye Askin, Fatih Celik, Nefise Dilek, Hacali Necefoglu and Tuncer Hokelek

Computing details

Data collection: APEX2 (Bruker, 2012); cell refinement: SA/NT (Bruker, 2012); data reduction: SA/NT (Bruker, 2012);
program(s) used to solve structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine structure: SHELXL97
(Sheldrick, 2008); molecular graphics: ORTEP-3 for Windows (Farrugia, 2012); software used to prepare material for
publication: WinGX (Farrugia, 2012) and PLATON (Spek, 2009).

catena-Poly[[aquabis(4-formylbenzoato)-x*O',0";kO'-zinc]-p-pyrazine-x*N:N']

Crystal data

[Zl’l(c3H5O3)2(C4H4N2)(H20)]
M,=461.74

Monoclinic, P2/c
a=224721 (7 A
b=7.1729 2) A
c=23.6377(8) A

£ =91.764 (2)°

V'=3808.4 (2) A3

Z=28

Data collection

Bruker SMART BREEZE CCD

diffractometer

Radiation source: fine-focus sealed tube

Graphite monochromator
¢ and w scans

Absorption correction: multi-scan

(SADABS; Bruker, 2012)
Tin = 0.628, Thax = 0.676

Refinement

Refinement on F?
Least-squares matrix: full
R[F*>20(F*)] = 0.041
WR(F?)=0.102

S=1.10

9571 reflections

583 parameters

8 restraints

F(000) = 1888

D,=1.611 Mgm™

Mo Ko radiation, A = 0.71073 A

Cell parameters from 9153 reflections
0=2.7-28.3°

4 =134 mm™!

T=296K

Block, colorless

0.50 x 0.29 x 0.28 mm

87627 measured reflections
9571 independent reflections
7984 reflections with 7> 2a(/)
Ry =0.031

Omax = 28.4°, Opin = 1.7°
h=-30—30

k=-9-9

[=-31-31

Primary atom site location: structure-invariant
direct methods

Secondary atom site location: difference Fourier
map

Hydrogen site location: inferred from
neighbouring sites

H atoms treated by a mixture of independent
and constrained refinement

Acta Cryst. (2015). E71, 402-405
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w = 1/[6%F2) + (0.0365P) + 4.5517P] Apmax = 0.64 ¢ A7
where P = (F,? + 2F2)/3 Apmin=—0.65 ¢ A
(A/O)max = 0.002

Special details

Geometry. All esds (except the esd in the dihedral angle between two 1.s. planes) are estimated using the full covariance
matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles;
correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate
(isotropic) treatment of cell esds is used for estimating esds involving L.s. planes.

Refinement. Refinement of F? against ALL reflections. The weighted R-factor wR and goodness of fit S are based on F?,
conventional R-factors R are based on F, with F set to zero for negative F2. The threshold expression of F? > 2sigma(F?) is
used only for calculating R-factors(gt) etc. and is not relevant to the choice of reflections for refinement. R-factors based
on F? are statistically about twice as large as those based on F, and R- factors based on ALL data will be even larger.

Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (42)

X y z Uiso®/Uqq Occ. (<1)
Znl 0.744994 (11) 0.75073 (4) 0.403123 (11) 0.02258 (7)
Zn2 0.747592 (11) 0.65126 (4) 0.153050 (11) 0.02257 (7)
(0) 0.64782 (8) 0.7653 (3) 0.39486 (8) 0.0367 (4)
02 0.68812 (7) 0.7386 (3) 0.47961 (8) 0.0382 (4)
03 0.82950 (8) 0.7338 (3) 0.42612 (9) 0.0431 (5)
04 0.85759 (9) 0.8088 (4) 0.51393 (10) 0.0694 (8)
O5A 0.36210 (12) 0.7654 (6) 0.51051 (16) 0.0724 (11) 0.75
0O5B 0.3980 (6) 0.710 (2) 0.5801 (6) 0.107 (5) 0.25
06 1.15317 (10) 0.6472 (5) 0.43755 (12) 0.0785 (9)
o7 0.75486 (8) 0.7571 (3) 0.31819 (7) 0.0313 (4)
H71 0.7277 (10) 0.721 (4) 0.2918 (10) 0.045 (9)*
H72 0.7893 (8) 0.736 (4) 0.3040 (11) 0.033 (8)*
08 0.64987 (8) 0.6395 (3) 0.14295 (8) 0.0382 (4)
09 0.69021 (7) 0.6319 (3) 0.22812 (8) 0.0396 (4)
010 0.83197 (8) 0.6462 (3) 0.17805 (9) 0.0433 (5)
011 0.85687 (9) 0.7240 (4) 0.26661 (9) 0.0617 (7)
O12A 0.36444 (14) 0.6022 (7) 0.25759 (18) 0.0804 (13) 0.70
O12B 0.4034 (4) 0.5896 (16) 0.3355 (5) 0.091 (3) 0.30
013 1.15688 (9) 0.6937 (4) 0.18855 (11) 0.0677 (7)
014 0.75787 (8) 0.6458 (3) 0.06810 (8) 0.0330 (4)
H141 0.7321 (10) 0.667 (4) 0.0432 (10) 0.031 (8)*
H142 0.7912 (10) 0.665 (5) 0.0536 (13) 0.052 (10)*
N1 0.74426 (8) 1.0554 (3) 0.40613 (8) 0.0266 (4)
N2 0.74172 (8) 1.4441 (3) 0.40378 (8) 0.0272 (4)
N3 0.74446 (8) 0.9567 (3) 0.15473 (9) 0.0273 (4)
N4 0.74520 (8) 1.3452 (3) 0.15394 (8) 0.0261 (4)
Cl 0.64294 (10) 0.7548 (3) 0.44733 (11) 0.0287 (5)
C2 0.58192 (10) 0.7557 (3) 0.47132 (10) 0.0262 (5)
C3 0.57341 (11) 0.7017 (4) 0.52678 (11) 0.0337 (5)
H3 0.6059 0.6714 0.5503 0.040*
C4 0.51606 (12) 0.6931 (4) 0.54700 (11) 0.0373 (6)
H4 0.5101 0.6543 0.5839 0.045*

Acta Cryst. (2015). E71, 402-405 sup-2
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C5

C6

Ho6

C7

H7

C8

H8

C9

Cl10
Cl11
H11
Cl12
H12
C13
Cl4
H14
Cl15
H15
Cle6
Hl16
C17
H17
C18
H18
C19
H19
C20
H20
C21
C22
C23
H23
C24
H24
C25
C26
H26
C27
H27
C28
H28
C29
C30
C31
H31
C32
H32
C33

0.46791 (11)
0.47625 (11)
0.4438
0.53321 (11)
0.5389
0.40702 (14)
0.4038
0.86731 (10)
0.93070 (10)
0.94340 (11)
0.9128
1.00211 (11)
1.0107
1.04793 (11)
1.03533 (11)
1.0661
0.97691 (11)
0.9684
1.11037 (13)
1.1144 (15)
0.71703 (11)
0.6983
0.71592 (11)
0.6968
0.76825 (12)
0.7863
0.76983 (11)
0.7892
0.64505 (10)
0.58421 (10)
0.57669 (11)
0.6096
0.51980 (12)
0.5147
0.47064 (11)
0.47806 (11)
0.4451
0.53487 (11)
0.5400
0.40987 (14)
0.4083
0.86873 (10)
0.93360 (10)
0.94955 (10)
0.9204
1.00910 (10)
1.0200
1.05277 (10)

0.7419 (4)
0.8009 (4)
0.8366
0.8062 (4)
0.8440
0.7343 (5)
0.6009
0.7533 (3)
0.7064 (3)
0.6169 (4)
0.5835
0.5777 (4)
0.5146
0.6319 (4)
0.7237 (4)
0.7617
0.7583 (4)
0.8167
0.5922 (5)
0.523 (5)
1.1488 (3)
1.0825
1.3417 (3)
1.4016
1.3503 (3)
1.4165
1.1575 (3)
1.0976
0.6280 (3)
0.6087 (3)
0.6078 (4)
0.6147
0.5964 (4)
0.5928
0.5905 (4)
0.5890 (4)
0.5832
0.5963 (4)
0.5928
0.5920 (5)
0.4555
0.6787 (3)
0.6650 (3)
0.5928 (3)
0.5538
0.5795 (4)
0.5284
0.6418 (4)

0.51255 (13)
0.45766 (12)
0.4348
0.43705 (11)
0.4000
0.53588 (17)
0.5274
0.46598 (11)
0.45186 (10)
0.40145 (11)
0.3761
0.38922 (11)
0.3561
0.42600 (11)
0.47596 (11)
0.5005
0.48905 (11)
0.5230
0.41156 (15)
0.3781 (10)
0.36395 (11)
0.3347
0.36259 (11)
0.3323
0.44611 (11)
0.4758
0.44727 (11)
0.4775
0.19529 (11)
0.21928 (10)
0.27715 (11)
0.3019
0.29793 (12)
0.3368
0.26150 (12)
0.20375 (12)
0.1790
0.18292 (11)
0.1440
0.28524 (17)
0.2839
0.21806 (11)
0.20327 (10)
0.15123 (10)
0.1251
0.13868 (10)
0.1043
0.17684 (11)

0.0376 (6)
0.0396 (6)
0.048*
0.0324 (5)
0.039*
0.0566 (9)
0.068*
0.0307 (5)
0.0257 (5)
0.0316 (5)
0.038*
0.0349 (6)
0.042*
0.0331 (5)
0.0349 (6)
0.042*
0.0319 (5)
0.038*
0.0518 (8)
0.064 (11)*
0.0333 (5)
0.040*
0.0328 (5)
0.039*
0.0324 (5)
0.039*
0.0309 (5)
0.037*
0.0292 (5)
0.0256 (5)
0.0362 (6)
0.043*
0.0411 (6)
0.049*
0.0368 (6)
0.0419 (7)
0.050*
0.0349 (6)
0.042%
0.0579 (9)
0.069*
0.0306 (5)
0.0248 (5)
0.0297 (5)
0.036*
0.0315 (5)
0.038*
0.0297 (5)
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C34 1.03676 (11) 0.7148 (4) 0.22858 (11) 0.0322 (5)
H34 1.0660 0.7570 0.2542 0.039*
C35 0.97750 (10) 0.7249 (3) 0.24191 (10) 0.0296 (5)
H35 0.9669 0.7719 0.2768 0.035%*
C36 1.11601 (12) 0.6292 (5) 0.16198 (13) 0.0442 (7)
H36 1.1225 (14) 0.564 (4) 0.1284 (10) 0.055 (10)*
C37 0.71896 (11) 1.0551 (4) 0.11238 (11) 0.0335 (5)
H37 0.7006 0.9920 0.0822 0.040*
C38 0.71914 (12) 1.2480 (3) 0.11217 (11) 0.0335 (6)
H38 0.7006 1.3111 0.0821 0.040*
C39 0.77052 (12) 1.2490 (3) 0.19636 (11) 0.0328 (5)
H39 0.7890 1.3126 0.2264 0.039*
C40 0.76986 (11) 1.0558 (3) 0.19668 (11) 0.0321 (5)
H40 0.7877 0.9932 0.2272 0.039*
Atomic displacement parameters (42)

Ull l]ZZ l_]33 UIZ U13 l]23
Znl 0.02006 (13) 0.02144 (13) 0.02640 (14) 0.00033 (9) 0.00340 (10) —0.00053 (10)
Zn2 0.02074 (13) 0.02083 (13) 0.02630 (14) —0.00049 (10) 0.00335 (10) 0.00102 (10)
0Ol 0.0300 (9) 0.0457 (11) 0.0349 (10) —0.0038 (8) 0.0098 (8) —0.0034 (8)
02 0.0223 (8) 0.0499 (12) 0.0423 (11) 0.0011 (8) —0.0006 (7) —0.0106 (9)
03 0.0236 (9) 0.0478 (12) 0.0574 (13) 0.0031 (8) —0.0049 (8) —0.0026 (10)
04 0.0330 (11) 0.127 (2) 0.0487 (14) 0.0129 (13) 0.0135 (10) —-0.0189 (15)
O5A 0.0228 (14) 0.105 (3) 0.090 (3) 0.0029 (16) 0.0116 (15) 0.006 (2)
O5B 0.083 (9) 0.128 (12) 0.114 (11) —0.029 (8) 0.070 (8) —0.022 (9)
06 0.0254 (11) 0.123 (3) 0.088 (2) 0.0033 (13) 0.0009 (12) —0.0048 (18)
o7 0.0287 (9) 0.0424 (11) 0.0229 (9) —0.0004 (8) 0.0060 (7) —0.0031 (8)
08 0.0317 (9) 0.0470 (11) 0.0365 (10) 0.0034 (8) 0.0115 (8) 0.0083 (9)
09 0.0229 (8) 0.0515 (12) 0.0444 (11) —0.0041 (8) 0.0007 (8) —0.0131 (9)
010 0.0234 (8) 0.0470 (12) 0.0592 (13) 0.0007 (8) —0.0036 (8) —-0.0072 (10)
Ol11 0.0315 (10) 0.113 (2) 0.0416 (12) 0.0092 (12) 0.0132 (9) —0.0065 (13)
O12A 0.0252 (16) 0.127 (4) 0.090 (3) 0.0002 (19) 0.0110 (17) —0.001 (3)
0O12B 0.065 (6) 0.109 (8) 0.102 (8) —0.022 (5) 0.055 (6) —0.029 (6)
013 0.0263 (10) 0.102 (2) 0.0753 (17) —0.0053 (12) 0.0011 (11) —-0.0160 (15)
014 0.0289 (9) 0.0440 (11) 0.0261 (9) 0.0013 (8) 0.0036 (8) 0.0062 (8)
N1 0.0242 (9) 0.0219 (9) 0.0339 (11) 0.0006 (8) 0.0043 (8) 0.0010 (8)
N2 0.0276 (9) 0.0213 (9) 0.0328 (11) 0.0025 (8) 0.0033 (8) 0.0017 (8)
N3 0.0241 (9) 0.0202 (9) 0.0378 (11) —0.0009 (8) 0.0056 (8) 0.0024 (8)
N4 0.0279 (10) 0.0212 (9) 0.0293 (10) 0.0006 (8) 0.0015 (8) 0.0019 (8)
Cl 0.0233 (11) 0.0258 (12) 0.0372 (14) —0.0035 (9) 0.0057 (10) —0.0090 (10)
C2 0.0207 (10) 0.0272 (12) 0.0308 (12) —0.0009 (9) 0.0033 (9) —0.0050 (9)
C3 0.0276 (12) 0.0425 (14) 0.0309 (13) 0.0020 (11) —0.0002 (10) —0.0018 (11)
C4 0.0385 (14) 0.0435 (15) 0.0305 (14) —-0.0034 (12) 0.0127 (11) —-0.0022 (11)
Cs5 0.0273 (12) 0.0373 (14) 0.0487 (16) —0.0041 (10) 0.0113 (11) —0.0088 (12)
C6 0.0244 (12) 0.0466 (16) 0.0475 (17) 0.0026 (11) —0.0026 (11) —0.0021 (13)
C7 0.0292 (12) 0.0385 (14) 0.0294 (13) 0.0000 (10) 0.0015 (10) 0.0041 (11)
C8 0.0388 (17) 0.057 (2) 0.076 (3) —-0.0081 (15) 0.0245 (17) —0.0156 (18)
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C9 0.0214 (11) 0.0299 (13) 0.0410 (14) 0.0004 (9) 0.0052 (10) 0.0038 (11)
C10 0.0219 (10) 0.0270 (11) 0.0284 (12) 0.0012 (9) 0.0027 (9) 0.0028 (9)
Cl1 0.0277 (11) 0.0367 (13) 0.0302 (13) —0.0012 (10) —0.0025 (10) —0.0047 (10)
Cl12 0.0346 (13) 0.0396 (14) 0.0306 (13) 0.0051 (11) 0.0055 (10) —0.0060 (11)
C13 0.0247 (11) 0.0368 (13) 0.0381 (14) 0.0026 (10) 0.0051 (10) 0.0052 (11)
Cl4 0.0233 (11) 0.0467 (15) 0.0345 (14) —0.0022 (11) —0.0042 (10) 0.0007 (12)
C15 0.0285 (12) 0.0397 (14) 0.0275 (13) —0.0003 (10) 0.0015 (10) —0.0044 (10)
Cl6 0.0300 (14) 0.070 (2) 0.056 (2) 0.0089 (14) 0.0085 (14) 0.0000 (17)
C17 0.0341 (13) 0.0259 (12) 0.0392 (14) 0.0006 (10) —0.0065 (11) —0.0035 (10)
C18 0.0335 (12) 0.0260 (12) 0.0386 (14) 0.0046 (10) —0.0065 (11) 0.0022 (10)
C19 0.0391 (13) 0.0257 (12) 0.0323 (13) —0.0029 (10) —-0.0014 (11) —0.0017 (10)
C20 0.0346 (12) 0.0262 (12) 0.0319 (13) 0.0012 (10) 0.0002 (10) 0.0044 (10)
C21 0.0239 (11) 0.0220 (11) 0.0421 (15) —0.0005 (9) 0.0064 (10) —0.0019 (10)
C22 0.0229 (10) 0.0243 (11) 0.0297 (12) —0.0017 (8) 0.0034 (9) —0.0015 (9)
C23 0.0309 (12) 0.0489 (16) 0.0288 (13) —0.0028 (11) —0.0006 (10) —0.0011 (11)
C24 0.0422 (15) 0.0528 (17) 0.0289 (14) —0.0046 (13) 0.0115 (11) —0.0025 (12)
C25 0.0288 (12) 0.0343 (14) 0.0481 (16) —0.0030 (10) 0.0127 (11) —0.0048 (12)
C26 0.0260 (12) 0.0557 (18) 0.0438 (16) —0.0033 (12) —0.0030 (11) —0.0059 (13)
C27 0.0305 (12) 0.0480 (16) 0.0263 (13) —0.0023 (11) 0.0012 (10) —0.0029 (11)
C28 0.0391 (17) 0.054 (2) 0.082 (3) —0.0064 (14) 0.0261 (17) —0.0099 (18)
C29 0.0231 (11) 0.0282 (12) 0.0407 (14) 0.0024 (9) 0.0048 (10) 0.0026 (10)
C30 0.0223 (10) 0.0234 (11) 0.0287 (12) 0.0027 (8) 0.0031 (9) 0.0021 (9)
C31 0.0267 (11) 0.0333 (13) 0.0289 (12) 0.0014 (10) —0.0036 (9) —0.0064 (10)
C32 0.0304 (12) 0.0380 (14) 0.0263 (12) 0.0051 (10) 0.0024 (9) —0.0068 (10)
C33 0.0244 (11) 0.0326 (13) 0.0321 (13) 0.0033 (9) 0.0042 (9) —0.0007 (10)
C34 0.0260 (11) 0.0367 (13) 0.0337 (14) 0.0007 (10) —0.0044 (10) —0.0076 (11)
C35 0.0290 (12) 0.0326 (13) 0.0272 (12) 0.0046 (10) 0.0026 (9) —0.0075 (10)
C36 0.0272 (13) 0.0592 (19) 0.0465 (17) 0.0049 (13) 0.0065 (12) —0.0079 (15)
C37 0.0323 (12) 0.0257 (12) 0.0420 (14) —0.0025 (10) —0.0074 (11) —0.0023 (11)
C38 0.0357 (13) 0.0265 (12) 0.0378 (14) 0.0007 (10) —0.0079 (11) 0.0031 (10)
C39 0.0423 (14) 0.0256 (12) 0.0302 (13) 0.0001 (10) —0.0038 (11) 0.0004 (10)
C40 0.0398 (13) 0.0253 (12) 0.0312 (13) 0.0029 (10) —0.0002 (10) 0.0054 (10)
Geometric parameters (A, ©)

Zn1—O01 2.1889 (18) C10—C9 1.511 (3)
Zn1—02 2.2477 (19) C10—C15 1.390 (3)
Zn1—O03 1.9628 (18) C11—C10 1.391 (3)
Zn1—07 2.0271 (17) Cl1—C12 1.388 (3)
Zn2—O08 2.2034 (18) Cl1—H11 0.9300

Zn2—09 2.2297 (19) C12—C13 1.383 (4)
Zn2—O010 1.9689 (18) Cl12—HI12 0.9300
Zn2—O014 2.0288 (18) C13—Cl16 1.482 (4)
Zn1—NI1 2.186 (2) Cl14—C13 1.389 (4)
Znl—N2! 2.200 (2) Cl14—H14 0.9300

Zn2—N3 2.192 (2) C15—Cl14 1.380 (3)
Zn2—N4i 2.1957 (19) C15—HI15 0.9300

Zn1—Cl1 2.550 (2) Cl6—H16 0.943 (18)
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Zn2—C21
01—ClI
02—Cl1
03—C9
04—C9
O5A—C8
06—Cl16
O7—H71
O7—H72
08—C21
09—C21
010—C29
011—C29
013—C36
O14—H141
O14—H142
NI—C17
N1—C20
N2—Znlt
N2—C18
N2—C19
N3—C37
N3—C40
N4—Zn2t
N4—C38
N4—C39
C2—C1
C2—C3
c2—C7
C3—C4
C3—H3
C4—H4
C5—C4
C5—C6
C5—C8
C6—H6
C7—C6
C7—H7
C8—0s5B
C8—HS8

01—Zn1—02
O1—Znl—N2!
0O1—Zn1—Cl1
02—Zn1—Cl1
03—Zn1—0O1
03—Zn1—02
03—Zn1—07

2.545 (2)
1.251 (3)
1.256 (3)
1.257 (3)
1.227 (3)
1.179 (5)
1.192 (4)
0.897 (16)
0.866 (16)
1.248 (3)
1.259 (3)
1.258 (3)
1.230 (3)
1.190 (4)
0.826 (17)
0.845 (18)
1.334 (3)
1.333 (3)
2.200 (2)
1.338 (3)
1.331 (3)
1.339 (3)
1.334 (3)
2.1957 (19)
1.330 (3)
1.331 3)
1.500 (3)
1.386 (3)
1.390 (3)
1.390 (3)
0.9300
0.9300
1.379 (4)
1.383 (4)
1.492 (4)
0.9300
1.384 (3)
0.9300
1.086 (14)
0.9800

58.88 (7)
90.85 (7)
29.37 (7)
29.52 (7)
169.01 (8)
110.13 (8)
98.12 (8)

C17—H17
C18—C17
C18—H18
CI19—HI19
C21—C22
C22—C23
Cc22—C27
C23—C24
C23—H23
C24—H24
C25—C24
C25—C28
C26—C25
C26—H26
C27—C26
C27—H27
C28—O12A
C28—O012B
C28—H28
C31—C32
C31—C30
C31—H31
C34—C35
C34—C33
C34—H34
C20—C19
C20—H20
C30—C35
C30—C29
C32—C33
C32—H32
C33—C36
C35—H35
C36—H36
C37—H37
C38—C37
C38—H38
C39—H39
C40—C39
C40—H40

C11—C10—C9

C15—C10—C9

C15—C10—Cl11
C10—C11—H11
C12—C11—C10
Cl12—C11—H11
C11—CI12—H12

0.9300
1.384 (3)
0.9300
0.9300
1.503 (3)
1.383 (3)
1.385 (3)
1.386 (4)
0.9300
0.9300
1.380 (4)
1.492 (4)
1.380 (4)
0.9300
1.383 (3)
0.9300
1.197 (5)
1.202 (10)
0.9800
1.383 (3)
1.392 (3)
0.9300
1.380 (3)
1.388 (3)
0.9300
1.384 (3)
0.9300
1.392 (3)
1.513 (3)
1.386 (3)
0.9300
1.477 3)
0.9300
0.937 (18)
0.9300
1.383 (3)
0.9300
0.9300
1.386 (3)
0.9300

120.8 (2)
119.5 (2)
119.8 (2)
120.2
119.6 (2)
120.2
119.8
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0O3—Znl1—N1
03—Znl1—N2!
03—Znl1—Cl1
07—Zn1—O01
07—Zn1—02
0O7—Znl1—N1
O7—Znl1—N2i
07—Zn1—Cl1
N1—Zn1—Ol
N1—Zn1—02
N1—Znl—N2!
N1—Znl1—Cl1
N2i—Zn1—02
N2i—Zn1—Cl1
08—Zn2—09
08—Zn2—C21
09—7Zn2—C21
010—Zn2—08
010—Zn2—09
010—Zn2—014
010—Zn2—N3
010—Zn2—N4i
010—Zn2—C21
014—Zn2—O08
014—7Zn2—09
014—Zn2—N3
O14—Zn2—N4i
014—Zn2—C21
N3—Zn2—08
N3—Zn2—09
N3—Zn2—N4i
N3—Zn2—C21
N4i—7Zn2—08
N4i—7Zn2—09
N4 —Zn2—C21
Cl1—0O1—Znl1
C1—02—7Znl
C9—03—Znl
Zn1—O7—H71
Zn1—O7—H72
H71—O7—H72
C21—08—Zn2
C21—09—Zn2
C29—010—Zn2
Zn2—014—H141
Zn2—O014—H142

H141—O14—H142

C17—NI1—Znl

93.49 (8)
88.20 (8)
139.64 (9)
92.86 (7)
151.61 (7)
90.62 (7)
91.96 (7)
122.20 (8)
86.95 (7)
90.42 (7)
176.68 (7)
88.14 (7)
86.32 (7)
88.73 (7)
59.00 (7)
29.37 (7)
29.64 (7)
168.30 (8)
109.58 (8)
99.14 (8)
92.54 (8)
90.13 (8)
139.14 (9)
92.03 (7)
150.78 (7)
92.41 (8)
89.63 (8)
121.28 (8)
90.45 (7)
91.62 (7)
176.35 (7)
91.63 (7)
86.45 (7)
85.14 (7)
84.72 (7)
91.51 (15)
88.67 (15)
145.76 (18)
126.2 (19)
120.4 (18)
106 (2)
90.66 (15)
89.18 (15)
145.70 (18)
127 2)
122 (2)
107 (3)
118.79 (16)

C13—C12—Cl11
C13—C12—H12
C12—C13—C14
C12—C13—C16
C14—C13—C16
C13—C14—H14
C15—C14—C13
C15—C14—H14
C10—C15—H15
C14—C15—C10
C14—C15—HI15
06—C16—C13
06—C16—H16
C13—C16—H16
N1—C17—C18
N1—C17—H17
C18—C17—H17
N2—C18—C17
N2—C18—H18
C17—C18—H18
N2—C19—C20
N2—C19—H19
C20—C19—H19
N1—C20—C19
N1—C20—H20
C19—C20—H20
08—C21—Zn2
08—C21—09
08—C21—C22
09—C21—Zn2
09—C21—C22
C22—C21—Zn2
C23—C22—C21
C23—C22—C27
C27—C22—C21
C22—C23—C24
C22—C23—H23
C24—C23—H23
C23—C24—H24
C25—C24—C23
C25—C24—H24
C24—C25—C26
C24—C25—C28
C26—C25—C28
C25—C26—C27
C25—C26—H26
C27—C26—H26
C22—C27—H27

120.4 (2)
119.8
120.0 (2)
119.5 (3)
120.4 (3)
120.1
119.7 (2)
120.1
119.8
120.5 (2)
119.8
124.9 (3)
121 (2)
114 (2)
121.8 (2)
119.1
119.1
121.7 (2)
119.2
119.2
122.0 (2)
119.0
119.0
121.6 (2)
119.2
119.2
59.97 (12)
121.1 (2)
119.2 (2)
61.18 (13)
119.7 (2)
178.24 (17)
120.9 (2)
119.6 (2)
119.5 (2)
119.5 (2)
120.2
120.2
119.7
120.7 (2)
119.7
119.9 (2)
119.3 (3)
120.8 (3)
119.5 (2)
120.2
120.2
119.6
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C20—N1—Znl
C20—N1—C17
C18—N2—Znli
C19—N2—Znl’
C19—N2—C18
C37—N3—Zn2
C40—N3—Zn2
C40—N3—C37
C38—N4—7Zn2t
C38—N4—C39
C39—N4—7Zn2i
01—C1—Znl
01—C1—02
01—Cl—C2
02—Cl1—Znl
02—Cl1—C2
C2—Cl1—Znl
C3—C2—C1
c3—C2—C7
C7—C2—C1
C2—C3—C4
C2—C3—H3
C4—C3—H3
C3—C4—H4
C5—C4—C3
C5—C4—H4
C4—C5—C6
C4—C5—C8
C6—C5—C8
C5—C6—C7
C5—C6—H6
C7T—C6—H6
C2—C7—H7
C6—C7—C2
Co—CT7—H7
O5A—C8—C5
O5A—C8—HS
05B—C8—05A
05B—C8—C5
0O5B—C8—H8
C5—C8—HS
03—C9—Cl10
04—C9—03
04—C9—C10

02—Zn1—01—Cl1
03—Zn1—01—C1
07—Zn1—0O1—Cl1

124.69 (16)
116.5 (2)
123.89 (16)
119.73 (16)
116.3 (2)
121.77 (16)
122.19 (16)
116.0 (2)
121.85 (16)
117.1 2)
121.05 (16)
59.12 (12)
120.9 (2)
118.9 (2)
61.81 (13)
120.1 (2)
177.97 (18)
120.7 (2)
119.7 (2)
119.6 (2)
119.6 (2)
120.2
120.2

119.8

120.3 (3)
119.8

120.3 (2)
119.0 (3)
120.7 (3)
119.5 (3)
120.3

120.3

119.7

120.5 (2)
119.7
125.8 (4)
91.3

109.7 (8)
124.3 (8)
91.3

91.3

115.5 (2)
126.4 (2)
118.2 (2)

0.71 (14)
1.0 (5)
177.90 (15)

C26—C27—C22 120.8 (2)
C26—C27—H27 119.6
012A—C28—O012B 114.5 (6)
012A—C28—C25 124.7 (4)
O12A—C28—H28 90.8
012B—C28—C25 120.7 (6)
012B—C28—H28 90.8
C25—C28—H28 90.8
010—C29—C30 115.4 (2)
011—C29—010 126.5 (2)
011—C29—C30 118.1 (2)
C31—C30—C29 120.3 (2)
C31—C30—C35 119.9 (2)
C35—C30—C29 119.8 (2)
C30—C31—H31 120.3
C32—C31—C30 119.5 (2)
C32—C31—H31 120.3
C31—C32—C33 120.6 (2)
C31—C32—H32 119.7
C33—C32—H32 119.7
C32—C33—C34 119.8 (2)
C32—C33—C36 119.5 (2)
C34—C33—C36 120.7 (2)
C33—C34—H34 120.0
C35—C34—C33 119.9 (2)
C35—C34—H34 120.0
C30—C35—H35 119.9
C34—C35—C30 120.2 (2)
C34—C35—H35 119.9
013—C36—C33 125.7 3)
013—C36—H36 120 (2)
C33—C36—H36 114 (2)
N3—C37—C38 121.9 (2)
N3—C37—H37 119.0
C38—C37—H37 119.0
N4—C38—C37 121.5 (2)
N4—C38—H38 119.2
C37—C38—H38 119.2
N4—C39—C40 1212 (2)
N4—C39—H39 119.4
C40—C39—H39 119.4
N3—C40—C39 122.2 (2)
N3—C40—H40 118.9
C39—C40—H40 118.9
Znl—N1—C20—C19 179.19 (18)
C17—N1—C20—C19 —0.1 (4)
Znl'—N2—C18—C17 177.49 (19)
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N1—Zn1—0O1—C1
N2i—Zn1—01—Cl1
01—Zn1—02—C1
03—Zn1—02—C1
07—Zn1—02—Cl1
N1—Zn1—02—Cl1
N2i—Zn1—02—Cl
01—Zn1—03—C9
02—Zn1—03—C9
07—Zn1—03—C9
N1—Zn1—03—C9
N2i—Zn1—03—C9
C1—Zn1—03—C9
01—Zn1—N1—C17
O1—Zn1—N1—C20
02—Zn1—N1—C17
02—Zn1—N1—C20
03—Zn1l—N1—C17
03—Zn1—N1—C20
O7—Znl—N1—C17
O7—Zn1—N1—C20
Cl—Znl—N1—C17
C1—Zn1—N1—C20
01—Zn1—C1—02
02—Zn1—C1—O0l
03—Zn1—C1—O01
03—Zn1—C1—02
07—Zn1—C1—O01
07—Zn1—C1—02
N1—Znl—C1—Ol
N1—Zn1—C1—02
N2i—Zn1—C1—O1
N2i—Znl—C1—02
09—Zn2—08—C21

010—Zn2—08—C21
014—Zn2—08—C21

N3—Zn2—08—C21
N4i—Zn2—08—C21
08—Zn2—09—C21

010—Zn2—09—C21
014—Zn2—09—C21

N3—Zn2—09—C21
N4i—Zn2—09—C21

08—Zn2—010—C29
09—Zn2—010—C29
014—Zn2—010—C29
N3—Zn2—010—C29
N4—Zn2—010—C29

—91.63 (15)
85.90 (15)
—0.71 (14)
179.35 (14)
—6.6(2)
85.47 (15)
-93.92 (15)
~20.6 (6)
~20.4 (3)
162.5 (3)
713 (3)
~105.8 (3)
~19.9 (4)
~55.30 (18)
125.40 (19)
~114.10 (18)
66.59 (19)
135.70 (18)
—43.6 (2)
37.53 (18)
~141.78 (19)
~84.67 (18)
96.02 (19)
178.8 (2)
~178.8 (2)
~179.71 (14)
—0.9 (2)
~2.48 (17)
176.29 (13)
87.09 (15)
—94.15 (15)
~93.99 (15)
84.77 (15)
~0.91 (14)
12.3 (5)
175.05 (15)
~92.53 (15)
85.54 (15)
0.90 (14)
~176.27 (14)
~7.4(2)
90.46 (15)
~87.87 (15)
~37.1 (6)
-25.1 (4)
160.4 (3)
67.6 (3)
~109.9 (3)

C19—N2—CI18—C17
Znli*—N2—C19—C20
CI8—N2—C19—C20
Zn2—N3—C37—C38
C40—N3—C37—C38
Zn2—N3—C40—C39
C37—N3—C40—C39
Zn2i—N4—C38—C37
C39—N4—C38—C37
Zn2i—N4—C39—C40
C38—N4—C39—C40
C3—C2—C1—01
C7—C2—C1—O01
C3—C2—C1—02
C7—C2—C1—02
Cl—C2—C3—C4
C7—C2—C3—C4
C1—C2—C7—C6
C3—C2—C7—C6
C2—C3—C4—C5
C6—C5—C4—C3
C8—C5—C4—C3
C4—-C5—Co—C7
C8—C5—C6—C7
C4—C5—C8—05A
C4—C5—C8—O0OS5B
C6—C5—C8—O05A
C6—C5—C8—O0O5B
C2—C7—C6—C5
Cl11—C10—C9—03
C11—C10—C9—04
C15—C10—C9—03
C15—C10—C9—04
C9—C10—C15—C14
Cl11—C10—C15—C14
C12—C11—C10—C9
C12—C11—C10—CI15
C10—C11—C12—C13
Cl11—C12—C13—C14
Cl11—C12—C13—C16
C12—C13—C16—06
C14—C13—C16—06
C15—C14—C13—C12
C15—C14—C13—C16
C10—C15—C14—C13
N2—C18—C17—N1
N1—C20—C19—N2
08—C21—C22—C23

—0.2 (4)
~177.02 (19)
0.8 (4)
~177.2 (2)
0.2 (4)
176.65 (19)
—0.7 (4)
178.53 (19)
~0.8 (4)
~179.05 (19)
0.3 (4)
165.0 (2)
~132(3)
~13.1 (4)
168.7 (2)
~176.2 (2)
2.0 (4)
177.4 (2)
—0.8 (4)
~1.44)
—0.4 (4)
~178.9 (3)
1.6 (4)
~179.9 (3)
~177.0 (4)
8.1(11)
4.4 (6)
~170.5 (10)
~1.0 (4)
~11.0 (3)
170.3 (3)
167.2 (2)
~11.5 (4)
~177.4 (2)
0.8 (4)
179.2 (2)
1.0 (4)
~1.9 (4)
1.0 (4)
~178.7 3)
172.9 (3)
-6.8 (5)
0.8 (4)
~179.4 (3)
~1.7 (4)
—0.5 (4)
—0.6 (4)
~175.8 (2)
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C21—Zn2—010—C29 -279 4) 09—C21—C22—C23 4.4 (4)
08—Zn2—N3—C37 —56.67 (19) 08—C21—C22—C27 2.6 (3)
08—Zn2—N3—C40 126.14 (18) 09—C21—C22—C27 -177.2 (2)
09—Zn2—N3—C37 —115.67 (18) C21—C22—C23—C24 177.7 (2)
09—Zn2—N3—C40 67.14 (19) C27—C22—C23—C24 -0.7 (4)
010—Zn2—N3—C37 134.64 (19) C21—C22—C27—C26 -176.3 (2)
010—Zn2—N3—C40 —42.54 (19) C23—C22—C27—C26 2.1 (4)
014—Zn2—N3—C37 35.38 (19) C22—C23—C24—C25 -1.54)
014—Zn2—N3—C40 —141.80 (19) C26—C25—C24—C23 2.44)
C21—Zn2—N3—C37 —86.02 (19) C28—C25—C24—C23 —175.7 (3)
C21—Zn2—N3—C40 96.79 (19) C24—C25—C28—O012A 173.7 (4)
08—Zn2—C21—09 -178.4 (2) C24—C25—C28—012B -3.4 (8)
09—Zn2—C21—08 178.4 (2) C26—C25—C28—012A —4.3 (6)
010—Zn2—C21—08 —176.21 (15) C26—C25—C28—O012B 178.6 (7)
010—Zn2—C21—09 54(2) C27—C26—C25—C24 -1.0 (4)
014—Zn2—C21—08 ~5.79 (18) C27—C26—C25—C28 177.1 3)
014—Zn2—C21—09 175.79 (14) C22—C27—C26—C25 -1.3(4)
N3—Zn2—C21—08 88.02 (15) C31—C30—C29—O010 -9.5(3)
N3—Zn2—C21—09 —90.40 (15) C31—C30—C29—O011 172.2 (3)
N4i—7Zn2—C21—08 —92.14 (15) C35—C30—C29—010 170.5 (2)
N4 Zn2—C21—09 89.44 (15) C35—C30—C29—0l1 ~7.8 (4)
Zn1—01—C1—02 -1.3(2) C29—C30—C35—C34 -179.3 (2)
Zn1—O01—C1—C2 —179.36 (19) C31—C30—C35—C34 0.7 (4)
Znl—02—C1—O1 122) C32—C31—C30—C29 ~179.3 (2)
Znl—02—C1—C2 179.30 (19) C32—C31—C30—C35 0.7 (4)
Znl—03—C9—04 -3.0 (5) C30—C31—C32—C33 ~1.7 (4)
Zn1—03—C9—C10 178.4 (2) C31—C32—C33—C34 1.3(4)
Zn2—08—C21—09 1.6 2) C31—C32—C33—C36 ~178.9 (3)
Zn2—08—C21—C22 —178.21 (19) C32—C33—C36—013 172.4 (3)
Zn2—09—C21—08 ~1.6 (2) C34—C33—C36—013 ~7.7(5)
Zn2—09—C21—C22 178.23 (19) C35—C34—C33—C32 0.1 (4)
Zn2—010—C29—011 6.8 (5) C35—C34—C33—C36 —179.7 (3)
Zn2—010—C29—C30 -171.3 (2) C33—C34—C35—C30 -1.1(4)
Znl—N1—C17—C18 ~178.7 (2) N4— (38— C37—N3 0.6 (4)
C20—N1—C17—C18 0.7 (4) N3—C40—C39—N4 0.54)
Symmetry codes: (i) x, y—1, z; (i) x, y+1, z.

Hydrogen-bond geometry (4, )

Cg8 and Cg10 are the centroids of rings B (C10—-C15) and E (C30-C35), respectively.

D—H-A D—H H-A DA D—H-A
07—H71--09 0.90 (2) 1.82(2) 2.694 (3) 165 (2)
07—H72--011 0.87 (2) 1.78 (2) 2.640 (3) 170 (2)
O14—H141--02 0.83 (2) 1.90 (2) 2.705 (3) 165 (2)
014—H142--04' 0.84 (2) 1.80 (3) 2.635 (3) 172 3)
C17—H17--0124" 0.93 2.56 3.375(5) 146
C19—H19--06" 0.93 2.47 3.222 (4) 138
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C23—H23---01 0.93 2.57 3.361 (3) 143
C38—H38--054" 0.93 2.59 3.381 (4) 144
C39—H39--013% 0.93 2.47 3.154 (4) 130
C12—H12--Cgl 0 0.93 2.81 3.579 (3) 140
C32—H32--Cg8"t 0.93 2.78 3.468 (3) 132

Symmetry codes: (iii) x, —y+3/2, z—1/2; (iv) —x+1, y+1/2, —z+1/2; (V) —x+2, =y+2, —z+1; (vi) —x+2, y+1/2, —z+1/2; (vii) —x, y—1/2, —z+1/2.
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The asymmetric unit of the title coordination polymer, [Zn(C;H4;NO,),-
(CsHgN,0),],,, contains two 4-nitrobenzoate (NB) anions and two nicotinamide
(NA) ligands. The Zn' atom has a slightly distorted octahedral coordination
sphere. In the equatorial plane, it is coordinated by three carboxylate O atoms of
the NB anions and one O atom of one of the two NA ligands. The axial positions
are occupied by the pyridine N atoms of the two NA ligands. In the two NB
anions, the carboxylate groups are twisted away from the attached benzene rings
by 13.8 (2) and 13.4 (2)°, while the benzene rings are oriented at a dihedral angle
of 11.5 (2)°. The dihedral angle between the NA rings is 10.3 (1)°. Only one of
the two NB anions and one of the two NA ligands bridge adjacent Zn" ions
through eight- and twelve-membered rings, respectively, forming polymeric
chains running along the a-axis direction. In the crystal, N—H - -- O hydrogen
bonds link adjacent chains, enclosing R(16), R5(20) and R$(16) ring motifs,
forming layers parallel to (011). The layers are linked via a number of C—H. - -O
hydrogen bonds, forming a three-dimensional network.

1. Chemical context

Nicotinamide (NA) is one form of niacin. A deficiency of this
vitamin leads to loss of copper from the body, known as
pellagra disease. Victims of pellagra show unusually high
serum and urinary copper levels (Krishnamachari, 1974). The
nicotinic acid derivative N,N-diethylnicotinamide (DENA) is
an important respiratory stimulant (Bigoli et al, 1972).
Transition metal complexes with biochemical molecules show
interesting physical and/or chemical properties, through which
they may find applications in biological systems (Antolini et
al., 1982). Some benzoic acid derivatives, such as 4-amino-
benzoic acid, have been extensively reported in coordination
chemistry, as bifunctional organic ligands, due to the varieties
of their coordination modes (Chen & Chen, 2002; Amir-
aslanov et al., 1979; Hauptmann et al., 2000).

The structure—function—coordination relationships of the
arylcarboxylate ion in Zn'"" complexes of benzoic acid deriv-
atives change depending on the nature and position of the
substituent groups on the benzene ring, the nature of the
additional ligand molecule or solvent, and the pH and
temperature of synthesis (Shnulin et al., 1981; Nadzhafov et al.,
1981; Antsyshkina et al., 1980; Adiwidjaja et al., 1978). When
pyridine and its derivatives are used instead of water mol-
ecules, the structure is completely different (Catterick et al.,
1974).
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2. Structural commentary

The asymmetric unit of the title polymeric compound contains
two 4-nitrobenzoate (NB) anions and two nicotinamide (NA)
ligands; the NB anions act as monodentate ligands (Fig. 1).
Only one of the two NB anions and one of the two NA ligands
bridge the adjacent Zn' ions through eight- and twelve-
membered rings, respectively, forming polymeric chains
running along the a-axis direction (Fig. 2). In the eight- and
twelve-membered rings, the distances between the symmetry
related ions [Znl---Znl1? N5-..-N5% 010---010%, and
Znl.--Zn1® 0O5-..05°, 06---06" are 7.3237 (6), 5.855 (4),
4.480 (3) A and 4.67 (6), 3.668 (4), 4.256 (4) A, respectively

03@
NN _pos
N X

—

A e _Shos

Figure 1
The asymmetric unit of the title molecule, with the atom labelling.
Displacement ellipsoids are drawn at the 50% probability level
[symmetry codes: (a) —x + 1, —y, —z; (b) —x + 2, —y, —2].

Table 1 .

Selected bond lengths (A).

Znl—02 2.140 (2) Zn1—010" 2280 (2)
Zn1—O5' 2142 (2) Zn1—N3 2.288 (3)
Znl1—06 2.160 (2) Znl—N5 2.282 (3)
Symmetry codes: (i) —x + 2, —y, —z; (ii) —x + 1, —y, —z.

Table 2 .

Hydrogen-bond geometry (A, °).

D—H---A D—H H---A D---A D—H---A
N4—H4B---01' 0.86 2.20 2.851 (4) 132
N6—H6A- --O1" 0.86 1.98 2.814 (4) 164
N6—H6B- - -09™ 0.86 2.09 2.880 (4) 153
C15—H15---06 0.93 2.45 3.079 (4) 125
C19—H19---03" 0.93 2.57 3.238 (7) 130
C21—H21---010" 0.93 2.38 3.058 (4) 130

Symmetry codes: (i) —x+2, —y +1, =z +1; (ii)) —x + 1, —y, —z; (iil) —x +2, —y, —z;
(iv)x—1,y—1,z.

[symmetry codes (a) = —x + 1,
see Fig. 3.

The three carboxylate O atoms (O2, O5 and O6) of the
three NB anions and one O atom (O10) of one of the two NA
ligands in the equatorial plane around the Zn" cation form a
slightly distorted square-planar arrangement, while the
slightly distorted octahedral coordination is completed by the
two pyridine N atoms (N3 and N5) of the two NA ligands in
the axial positions (Table 1 and Fig. 3).

The near equality of the C1—O1 [1.247 (4) A], C1—-02
[1.261 (4) A], C8—05 [1.248 (4) A] and C8— 06 [1.255 (4) A]
bonds in the carboxylate groups indicate delocalized bonding
arrangements, rather than localized single and double bonds.
The average Zn—Ocypoxylae and Zn—N distances are

=y, =z (b) —x+2,—y, — z];

Figure 2
A partial view of the crystal packing of the title compound. H atoms have
been omitted for clarity.
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Figure 3
Part of the crystal packing of the title compound, showing the eight- and
twelve-membered rings [symmetry codes (a) —x + 1, —y, —z; (b) —x + 2,
—y, —z]. H atoms have been omitted for clarity.

2.147 (2) A and 2285 3) A, respectively, while Zn1—010
distance is 2.280 (2) A. The Znl atom lies 1.4330 (4) A and
0.1897 (4) A above the planar (01/02/C1) and (O5/06/C8)
carboxylate groups, respectively. The average O—Zn—O and
O—Zn—N bond angles are 89.93 (10) and 89.99 (10)°,
respectively.

The dihedral angles between the planar carboxylate groups
[(01/02/C1) and (O5/06/C8)] and the adjacent benzene rings
[A (C2—C7) and B (C9—C14)] are 13.8 (2) and 13.4 (2)°,
respectively, while the benzene rings are oriented at a dihedral

Table 3
Experimental details.

Crystal data
Chemical formula
Mr

Crystal system, space group
Temperature (K)
a, b, c (A)

o, B,y ()

V (A%)

V4

Radiation type

p (mm~)

Crystal size (mm)

Data collection
Diffractometer
Absorption correction

Trniny Tinax

No. of measured, independent and
observed [ > 20(I)] reflections

Rim o

(Sin O/A)max (A7)

Refinement

R[F? > 20(F?)], wR(F?), S
No. of reflections

No. of parameters

H-atom treatment

Apmaxs Apmin (e Ai})

[Zn(C6HgN,0),(CH4NO,),]
641.87

Triclinic, P1

296

9.5118 (3), 10.5591 (3), 14.5326 (5)
109.846 (4), 93.618 (3), 104.815 (4)
1309.11 (9)

2

Mo Ka

1.01

0.50 x 0.37 x 0.33

Bruker SMART BREEZE CCD

Multi-scan (SADABS; Bruker,
2012)

0.635, 0.705

34333, 6520, 5816

0.023
0.669

0.073, 0.238, 1.09

6520

388

H-atom parameters constrained
1.29, —0.60

Computer programs: APEX2 and SAINT (Bruker, 2012), SHELXS97 and SHELXL97
(Sheldrick, 2008), ORTEP-3 for Windows and WinGX (Farrugia, 2012) and PLATON
(Spek, 2009).

Figure 4

Part of the crystal packing of the title compound with the N—H---O
hydrogen bonds shown as dashed lines (see Table 1 for details; other H
atoms have been omitted for clarity).

angle of 11.5 (2)°. The dihedral angle between the nicotin-
amide rings [C (N3/C15—C19) and D (N5/C21—C25)] is
10.3 (1)°, and they are oriented with respect to benzene rings
A and B at dihedral angles of A/C = 17.3 (1), A/D =7.7 (1),
B/C =28.8 (1) and B/D =189 (1)°.

3. Supramolecular features

In the crystal, strong N—H---O, (c = carboxylate) and N—
H---O, (n = nicotinamide) hydrogen bonds (Table 2) link
adjacent chains through R(16), R%(20) and R$(16) ring motifs
(Bernstein et al., 1995) into layers parallel to (011) (Fig. 4).
Weak intramolecular C—H,---O. and intermolecular C—
H, --O,, (nb = nitrobenzoate) and C—H,---O, hydrogen
bonds (Table 1) link the layers into a three-dimensional
framework.

4. Synthesis and crystallization

The title compound was prepared by the reaction of
ZnS0O,-H,0 (0.89 g, 5 mmol) in H,O (25 ml) and nicotinamide
(1.22 g, 10 mmol) in H,O (25 ml) with sodium 4-nitrobenzoate
(1.90 g, 10 mmol) in H,O (150 ml). The mixture was filtered
and set aside to crystallize at ambient temperature for one
week, giving yellow block-like crystals.

5. Refinement

The experimental details including the crystal data, data
collection and refinement are summarized in Table 3. H atoms
were positioned geometrically and constrained to ride on their
parent atoms, with C—H = 0.93 A and N—H = 0.86 A, and
with Ujo(H) = 1.2U4(CN). The highest residual electron
density and the deepest hole were found 0.29 A and 0.48 A
from atoms N6 and Znl1, respectively.
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Crystal structure of poly[bis(u-nicotinamide-x*N':0)bis(u-4-nitrobenzoato-

x*0':0")zinc]

Giilcin Sefiye Askin, Hacali Necefoglu, Ali Murat Tonbul, Nefise Dilek and Tuncer Hokelek

Computing details

Data collection: APEX2 (Bruker, 2012); cell refinement: SA/NT (Bruker, 2012); data reduction: SA/NT (Bruker, 2012);
program(s) used to solve structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine structure: SHELXL97
(Sheldrick, 2008); molecular graphics: ORTEP-3 for Windows (Farrugia, 2012); software used to prepare material for
publication: WinGX (Farrugia, 2012) and PLATON (Spek, 2009).

Poly[bis(u-nicotinamide-«x*N':O)bis(u-4-nitrobenzoato-x*O':0")zinc]

Crystal data

[ZH(C6H(,N20)2(C7H4NO4)2]
M,=641.87
Triclinic, P1

Hall symbol: -P 1
a=95118 3) A
b=10.5591 (3) A
c=14.5326 (5) A
o= 109.846 (4)°

£ =93.618 (3)°
y=104.815 (4)°
V'=1309.11 (9) A3

Data collection

Bruker SMART BREEZE CCD
diffractometer

Radiation source: fine-focus sealed tube

Graphite monochromator

¢ and w scans

Absorption correction: multi-scan
(SADABS; Bruker, 2012)

Tin = 0.635, Tinax = 0.705

Refinement

Refinement on F?
Least-squares matrix: full
R[F?>20(F?)]=0.073
wR(F?)=0.238

§=1.09

6520 reflections

388 parameters

0 restraints

zZ=2

F(000) =656

D;=1.628 Mg m™

Mo Ko radiation, A = 0.71073 A

Cell parameters from 9922 reflections
0 =12.5-28.4°

4 =101 mm™!

T=296K

Block, yellow

0.50 x 0.37 x 0.33 mm

34333 measured reflections
6520 independent reflections
5816 reflections with 7> 20([)
R =0.023

Omax = 28.4°, Opin = 1.5°
h=-12—12

k=-13—>14

[=-19—19

Primary atom site location: structure-invariant
direct methods

Secondary atom site location: difference Fourier
map

Hydrogen site location: inferred from
neighbouring sites

H-atom parameters constrained
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w = 1/[0X(F,2) + (0.149P) + 3.1586P] Apma = 1.29 ¢ A3
where P = (F,? + 2F2)/3 Apmin=—0.60 e A

(A/0)max < 0.001

Special details

Geometry. All esds (except the esd in the dihedral angle between two 1.s. planes) are estimated using the full covariance
matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles;
correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate
(isotropic) treatment of cell esds is used for estimating esds involving L.s. planes.

Refinement. Refinement of F? against ALL reflections. The weighted R-factor wR and goodness of fit S are based on F?,
conventional R-factors R are based on F, with F set to zero for negative F2. The threshold expression of F? > 2sigma(F?) is
used only for calculating R-factors(gt) etc. and is not relevant to the choice of reflections for refinement. R-factors based
on F? are statistically about twice as large as those based on F, and R- factors based on ALL data will be even larger.

Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (42)

x ¥ z Uiso™ Ueq
Znl 0.88909 (4) 0.14132 (4) 0.11465 (3) 0.02880 (19)
o1 0.8671 (3) 0.4391 (3) 0.3500 (2) 0.0410 (8)
02 0.9117 (3) 0.3588 (3) 0.19518 (19) 0.0266 (5)
03 1.5920 (5) 0.8555 (6) 0.3452 (4) 0.0923 (19)
04 1.5777 (4) 0.8861 (4) 0.4965 (3) 0.0560 (10)
05 1.1523 (3) 0.0826 (2) ~0.05180 (18) 0.0230 (5)
06 1.1170 (3) 0.2086 (3) 0.09758 (19) 0.0266 (5)
07 1.8536 (4) 0.5337 (5) 0.0411 (4) 0.0741 (14)
08 1.8302 (4) 0.6372 (4) 0.1922 (4) 0.0651 (12)
09 1.4003 (3) 0.3463 (3) 0.3975 (2) 0.0315 (6)
010 0.3467 (2) —0.0828 (3) —0.14454 (17) 0.0235 (5)
N1 1.5271 (4) 0.8314 (4) 0.4092 (3) 0.0437 (9)
N2 1.7850 (4) 0.5475 (4) 0.1102 (4) 0.0464 (10)
N3 0.9685 (3) 0.1292 (3) 0.2625 (2) 0.0209 (5)
N4 1.3297 (3) 0.4235 (4) 0.5466 (2) 0.0301 (7)
H4A 1.4152 0.4830 0.5733 0.036%*
H4B 1.2605 0.4171 0.5816 0.036*
N5 0.7923 (3) 0.1216 (3) ~0.0391 (2) 0.0192 (5)
N6 03979 (3) ~0.2171 (3) ~0.2888 (2) 0.0257 (6)
H6A 0.3090 -0.2722 —0.3076 0.031%*
H6B 0.4633 —-0.2315 —0.3263 0.031*
Cl 0.9464 (4) 0.4401 (3) 0.2850 (3) 0.0231 (6)
C2 1.0981 (4) 0.5454 (3) 0.3168 (2) 0.0212 (6)
C3 1.1568 (4) 0.6153 (4) 0.4178 (3) 0.0337 (8)
H3 1.1008 0.5981 0.4648 0.040*
C4 1.2969 (5) 0.7097 (5) 0.4486 (3) 0.0377 (9)
H4 1.3356 0.7566 0.5157 0.045%*
Cs 1.3777 (4) 0.7324 (4) 03772 (3) 0.0295 (8)
C6 1.3225 (4) 0.6662 (5) 0.2774 (3) 0.0351 (8)
Ho6 1.3786 0.6851 0.2309 0.042*
c7 1.1821 (4) 0.5709 (4) 0.2470 (3) 0.0298 (8)
H7 1.1444 0.5241 0.1798 0.036%*
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C8 1.1944 (3) 0.1804 (3) 0.0309 (2) 0.0161 (5)
C9 1.3506 (3) 0.2755 (3) 0.0529 (2) 0.0170 (6)
C10 1.4151 (4) 0.3680 (4) 0.1489 (3) 0.0291 (7)
H10 1.3613 0.3707 0.2004 0.035%*
Cl1 1.5580 (4) 0.4561 (5) 0.1691 (3) 0.0359 (9)
H11 1.6008 0.5176 0.2333 0.043*
C12 1.6357 (4) 0.4502 (4) 0.0910 (3) 0.0300 (8)
C13 1.5764 (4) 0.3579 (4) —0.0052 (3) 0.0334 (8)
H13 1.6314 0.3547 —0.0562 0.040%*
Cl4 1.4334 (4) 0.2706 (4) —0.0237 (3) 0.0269 (7)
H14 1.3919 0.2079 —0.0879 0.032*
Cl15 1.1025 (3) 0.2154 (3) 0.3102 (2) 0.0198 (6)
H15 1.1637 0.2597 0.2758 0.024*
Cl16 1.1542 (3) 0.2416 (3) 0.4080 (2) 0.0188 (6)
C17 1.0644 (4) 0.1754 (4) 0.4601 (3) 0.0308 (8)
H17 1.0946 0.1935 0.5266 0.037*
C18 0.9282 (4) 0.0815 (5) 0.4100 (3) 0.0363 (9)
H18 0.8671 0.0319 0.4417 0.044*
C19 0.8841 (4) 0.0623 (4) 0.3123 (3) 0.0275 (7)
H19 0.7920 0.0002 0.2799 0.033*
C20 1.3046 (3) 0.3414 (3) 0.4512 (2) 0.0203 (6)
C21 0.6540 (3) 0.0355 (3) —0.0750 (2) 0.0176 (6)
H21 0.5976 0.0097 —0.0307 0.021*
C22 0.5908 (3) —0.0170 (3) —0.1739 (2) 0.0154 (5)
C23 0.6756 (4) 0.0196 (4) —0.2406 (3) 0.0247 (7)
H23 0.6386 —0.0170 —0.3081 0.030%*
C24 0.8167 (4) 0.1120 (4) —0.2041 (3) 0.0299 (8)
H24 0.8746 0.1411 —0.2466 0.036%*
C25 0.8706 (3) 0.1609 (4) —0.1032 (3) 0.0241 (7)
H25 0.9651 0.2234 —0.0794 0.029%*
C26 0.4345 (3) —0.1097 (3) —0.2019 (2) 0.0156 (5)
Atomic displacement parameters (4?)
Ull U22 U33 U12 U13 U23
Znl 0.0193 (3) 0.0303 (3) 0.0256 (3) 0.00170 (18) 0.00168 (17) 0.00104 (19)
01 0.0224 (13) 0.0400 (16) 0.0361 (16) —0.0070 (11) 0.0135(11) —0.0058 (12)
02 0.0249 (12) 0.0188 (11) 0.0245 (12) 0.0026 (9) —0.0005 (9) —0.0028 (9)
03 0.045 (2) 0.110 (4) 0.081 (3) —0.040 (3) 0.011 (2) 0.031 (3)
04 0.0332 (17) 0.050 (2) 0.062 (2) —0.0093 (15) —0.0172 (16) 0.0128 (18)
05 0.0187 (11) 0.0177 (11) 0.0223 (11) 0.0009 (9) —0.0003 (9) —0.0014 (9)
06 0.0118 (11) 0.0315 (13) 0.0234 (12) —0.0019 (9) 0.0054 (9) —0.0002 (10)
07 0.0295 (18) 0.081 (3) 0.101 (4) —0.0137 (18) 0.022 (2) 0.040 (3)
08 0.0286 (17) 0.046 (2) 0.096 (3) —0.0137 (15) —0.0084 (19) 0.018 (2)
09 0.0135(11) 0.0370 (14) 0.0249 (12) —0.0004 (10) 0.0065 (9) —0.0068 (10)
010 0.0099 (10) 0.0289 (12) 0.0188 (11) 0.0011 (9) 0.0031 (8) —0.0038 (9)
Nl 0.0233 (16) 0.0369 (19) 0.059 (2) —0.0085 (14) —0.0031 (16) 0.0177 (18)
N2 0.0146 (15) 0.040 (2) 0.085 (3) —0.0043 (14) 0.0024 (17) 0.033 (2)
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N3 0.0121 (12) 0.0215 (13) 0.0204 (13) —0.0026 (10) —0.0018 (9) 0.0036 (10)
N4 0.0171 (13) 0.0356 (17) 0.0186 (14) —0.0027 (12) 0.0024 (10) —0.0055 (12)
N5 0.0084 (11) 0.0199 (12) 0.0218 (13) —0.0016 (9) —0.0011 (9) 0.0034 (10)
N6 0.0143 (12) 0.0277 (15) 0.0193 (13) —0.0015 (10) 0.0047 (10) —0.0054 (11)
Cl1 0.0163 (14) 0.0167 (14) 0.0266 (16) 0.0015 (11) 0.0037 (12) —0.0015 (12)
C2 0.0168 (14) 0.0168 (14) 0.0223 (15) 0.0006 (11) 0.0027 (11) 0.0012 (11)
C3 0.0270 (18) 0.038 (2) 0.0215 (16) —0.0058 (15) 0.0042 (13) 0.0036 (15)
C4 0.030 (2) 0.041 (2) 0.0248 (18) —0.0070 (17) —0.0043 (15) 0.0061 (16)
Cs5 0.0173 (15) 0.0241 (17) 0.039 (2) —0.0046 (13) —0.0007 (14) 0.0107 (15)
C6 0.0282 (19) 0.037 (2) 0.034 (2) —0.0034 (15) 0.0099 (15) 0.0140 (16)
Cc7 0.0275 (18) 0.0305 (18) 0.0213 (16) —0.0030 (14) 0.0043 (13) 0.0055 (14)
C8 0.0091 (12) 0.0141 (13) 0.0211 (14) 0.0007 (10) 0.0018 (10) 0.0037 (11)
C9 0.0098 (12) 0.0141 (13) 0.0237 (15) 0.0011 (10) 0.0036 (11) 0.0044 (11)
C10 0.0178 (15) 0.0339 (19) 0.0231 (16) —0.0056 (13) 0.0014 (12) 0.0052 (14)
Cl1 0.0220 (17) 0.037 (2) 0.0325 (19) —0.0087 (15) —0.0044 (14) 0.0066 (16)
C12 0.0115 (14) 0.0246 (17) 0.053 (2) —0.0024 (12) 0.0013 (14) 0.0205 (16)
Ci13 0.0211 (17) 0.036 (2) 0.047 (2) 0.0062 (15) 0.0187 (16) 0.0191 (18)
Cl4 0.0214 (16) 0.0251 (16) 0.0289 (17) 0.0023 (13) 0.0110 (13) 0.0056 (13)
Cl15 0.0125 (13) 0.0224 (15) 0.0176 (14) —0.0010 (11) 0.0008 (10) 0.0035 (11)
Cl6 0.0115 (13) 0.0202 (14) 0.0176 (14) 0.0003 (11) —0.0003 (10) 0.0020 (11)
C17 0.0218 (16) 0.041 (2) 0.0258 (17) —0.0033 (15) —-0.0018 (13) 0.0171 (16)
Ci18 0.0227 (17) 0.045 (2) 0.037 (2) —0.0087 (16) —-0.0014 (15) 0.0245 (18)
C19 0.0145 (14) 0.0291 (17) 0.0321 (18) —0.0062 (12) —0.0023 (12) 0.0133 (14)
C20 0.0119 (13) 0.0220 (15) 0.0178 (14) 0.0015 (11) —0.0009 (10) —0.0009 (12)
C21 0.0087 (12) 0.0214 (14) 0.0163 (13) —0.0003 (10) 0.0006 (10) 0.0028 (11)
C22 0.0083 (12) 0.0182 (13) 0.0172 (13) 0.0027 (10) 0.0024 (10) 0.0041 (11)
C23 0.0169 (15) 0.0356 (18) 0.0205 (15) 0.0023 (13) 0.0042 (12) 0.0129 (14)
C24 0.0168 (15) 0.041 (2) 0.0340 (19) —0.0005 (14) 0.0056 (13) 0.0225 (16)
C25 0.0106 (13) 0.0252 (16) 0.0347 (18) —0.0020 (11) 0.0005 (12) 0.0150 (14)
C26 0.0085 (12) 0.0188 (13) 0.0142 (12) 0.0013 (10) 0.0008 (9) 0.0019 (11)
Geometric parameters (A, ©)

Zn1—02 2.140 (2) C5—C6 1.377 (6)
Zn1—O5! 2.142 (2) C6—H6 0.9300
Zn1—06 2.160 (2) C7—Ce6 1.389 (5)
Zn1—O10' 2.280 (2) C7—H7 0.9300
Zn1—N3 2.288 (3) Cc8—C9 1.509 (4)
Znl—N5 2.282 (3) C9—C10 1.392 (5)
01—Cl1 1.247 (4) C9—Cl14 1.399 (4)
02—Cl1 1.261 (4) C10—Cl11 1.385 (5)
04—NI1 1.208 (6) C10—H10 0.9300
05—Znl! 2.142 (2) Cll—H11 0.9300

05—C8 1.248 (4) Cl12—Cl11 1.384 (6)
06—C8 1.255 (4) C13—CI12 1.384 (6)
09—C20 1.239 (4) C13—Cl14 1.384 (5)
010—Znlt 2.280 (2) CI13—HI13 0.9300

N1—O03 1.210 (6) Cl4—H14 0.9300
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N2—O7
N2—O8
N2—C12
N3—CI15
N3—C19
N4—H4A
N4—H4B
N5—C21
N5—C25
N6—C26
N6—Ho6A
N6—H6B
Cl—C2
C2—C3
c2—C7
C3—C4
C3—H3
C4—H4
C5—N1
C5—C4

02—Zn1—O05!
02—Zn1—06
02—Zn1—O010"
02—Znl1—N3
02—Znl1—N5
05—Zn1—06
05—Zn1—O10"
0O5—Zn1—N3
0O5—Znl—N5
06—Znl—O010"
06—Zn1—N3
06—Znl1—N5
010"—Zn1—N3
010i—Zn1—NS5
N5—Znl—N3
C1—02—Znl
C8—05—Znl!
C8—0O6—Znl
C26—010—Znl'
03—N1—C5
04—N1—03
04—N1—C5
07—N2—C12
08—N2—O07
08—N2—C12
C15—N3—Znl
C19—N3—Znl

1.220 (7)
1.210 (7)
1.469 (4)
1.342 (4)
1.341 (4)
0.8600

0.8600

1.345 (4)
1.337 (4)
1.332 (4)
0.8600

0.8600

1.510 (4)
1.401 (5)
1.384 (5)
1.383 (5)
0.9300

0.9300

1.468 (5)
1.379 (6)

170.95 (10)
86.90 (10)
89.70 (10)
87.21 (10)
99.61 (10)
99.77 (10)
83.34 (9)
86.87 (10)
85.89 (10)
175.66 (8)
88.43 (10)
95.75 (10)
88.71 (9)
87.48 (9)
172.16 (10)
135.7 (2)
138.9 (2)
137.8 (2)
147.3 (2)
117.1 (4)
123.5 (4)
119.3 (4)
117.3 (4)
124.5 (4)
118.2 (4)
116.4 (2)
1253 (2)

C15—Cl16
CI15—HI5
Cl6—C17
C16—C20
C17—H17
C18—C17
C18—H18
C19—C18
CI19—HI19
C20—N4

C21—H21
C22—C21
C22—C23
C23—C24
C23—H23
C24—H24
C25—C24
C25—H25
C26—010
C26—C22

05—C8—06
05—C8—C9
06—C8—C9
C10—C9—C8
C10—C9—C14
C14—C9—C8
C9—C10—H10
C11—C10—C9
C11—C10—HI10
C10—C11—H11
C12—C11—C10
C12—C11—H11
Cl11—C12—N2
C13—C12—N2
C13—C12—Cl11
C12—C13—H13
C14—C13—CI2
C14—C13—HI13
C9—Cl14—H14
C13—C14—C9
C13—Cl14—H14
N3—C15—C16
N3—CI15—H15
Cl16—C15—H15
C15—C16—C17
C15—C16—C20
C17—C16—C20

1.383 (4)
0.9300
1.388 (5)
1.489 (4)
0.9300
1.388 (5)
0.9300
1.384 (5)
0.9300
1.329 (4)
0.9300
1.384 (4)
1.391 (4)
1.387 (5)
0.9300
0.9300
1.391 (5)
0.9300
1.233 (4)
1.497 (4)

125.6 (3)
117.8 3)
116.6 (3)
121.1 3)
119.0 (3)
119.9 (3)
119.4
121.1 3)
119.4
120.9
118.3 (4)
120.9
119.1 (4)
118.6 (4)
122.3 (3)
120.7
118.5 (3)
120.7
119.6
120.8 (3)
119.6
1233 (3)
118.3
118.3
119.0 (3)
117.1 3)
123.9 (3)
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C19—N3—CI15
C20—N4—H4A
C20—N4—H4B
H4A—N4—H4B
C21—N5—Znl
C25—N5—Znl
C25—N5—C21
C26—N6—H6A
C26—N6—H6B
H6A—N6—H6B
01—C1—02
01—C1—C2
02—Cl1—C2
C3—C2—C1
C7—C2—C1
C7—C2—C3
C2—C3—H3
C4—C3—C2
C4—C3—H3
C3—C4—H4
C5—C4—C3
C5—C4—H4
Co—C5—C4
C6—C5—NI1
C4—C5—NI1
C5—C6—C7
C5—C6—H6
C7—C6—H6
C2—C7—C6
C2—C7—H7
Co—C7—H7

06—Zn1—02—C1
010%"—Zn1—02—C1
N3—Znl1—02—Cl1
N5—Zn1—02—Cl1
02—Zn1—0O6—C8
05—Zn1—06—C38
N3—Zn1—06—C8
N5—Zn1—06—C8
02—Zn1—N3—C15
02—Zn1—N3—C19
05—Zn1—N3—C15
05—Znl—N3—C19
06—Zn1—N3—C15
06—Zn1—N3—C19
010i—Zn1—N3—CI15
010"—Zn1—N3—C19

117.4 (3)
120.0
120.0
120.0
115.9 (2)
124.9 (2)
117.3 (3)
120.0
120.0
120.0
125.5 (3)
117.3 3)
117.1 (3)
119.9 (3)
120.6 (3)
119.4 (3)
119.5
120.9 (3)
119.5
120.9
118.2 (4)
120.9
122.2 (3)
119.2 (4)
118.7 (4)
119.3 (3)
120.4
120.4
120.0 (3)
120.0
120.0

—91.7 (3)
85.6 (3)
-3.1(3)
173.0 (3)
~138.6 (4)
47.6 (4)
134.1 (4)
~39.2 (4)
~59.4 (2)
108.8 (3)
127.5 (2)
~64.4 (3)
27.6 (2)
~164.2 (3)
~149.2 (2)
19.0 (3)

Cl16—C17—H17
C18—C17—C16
C18—C17—H17
C17—C18—H18
C19—C18—C17
C19—C18—H18
N3—C19—C18
N3—C19—H19
C18—C19—H19
09—C20—N4
09—C20—C16
N4—C20—C16
N5—C21—C22
N5—C21—H21
C22—C21—H21
C21—C22—C23
C21—C22—C26
C23—C22—C26
C22—C23—H23
C24—C23—C22
C24—C23—H23
C23—C24—C25
C23—C24—H24
C25—C24—H24
N5—C25—C24
N5—C25—H25
C24—C25—H25
010—C26—N6
010—C26—C22
N6—C26—C22

Cl—C2—C7—C6
C3—C2—C7—C6
C2—C3—C4—C5
C4—C5—N1—-03
C4—C5—N1—04
C6—C5—N1—03
C6—C5—N1—04
NI—C5—C4—C3
C6—C5—C4—C3
N1—C5—C6—C7
C4—C5—Co6—C7
C2—C7—C6—C5
05—C8—C9—C10
05—C8—C9—Cl14
06—C8—C9—C10
06—C8—C9—Cl14

121.0
118.0 (3)
121.0
120.3
119.3 (3)
120.3
122.9 (3)
118.5
118.5
122.6 (3)
119.4 (3)
118.0 (3)
123.9 (3)
118.0
118.0
118.2 (3)
117.5 (3)
124.3 (3)
120.8
118.4 (3)
120.8
119.4 (3)
120.3
120.3
122.7 (3)
118.7
118.7
123.5 (3)
119.1 (3)
117.4 (3)

~178.9 (4)
~0.7 (6)
—0.4(7)
~175.7 (5)
2.9 (6)
3.8(7)
~177.6 (4)
~179.4 (4)
1.0(7)
179.0 (4)
-1.5(7)
1.3 (6)
~167.0 (3)
12.4 (4)
14.2 (5)
~166.4 (3)
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02— Znl—N5—C21 ~115.0 (2) C8—C9—C10—Cl11 ~179.5 (4)
02—Znl—N5—C25 81.2(3) Cl14—C9—C10—Cl1 1.1 (6)
05— Znl—N5—C21 57.8 (2) C8—C9—C14—C13 179.4 (3)
05—Zn1—N5—C25 ~106.0 (3) C10—C9—C14—C13 ~1.2(5)
06—Znl—N5—C21 157.2 (2) C9—C10—C11—C12 0.1 (6)
06—Znl—N5—C25 —6.6 (3) N2—C12—C11—C10 177.2 (4)
010" —Znl—N5—C21 ~25.7(2) C13—C12—C11—C10 ~1.3(6)
010—Zn1—N5—C25 170.5 (3) Cl14—C13—C12—N2 ~177.2 (4)
Znl—02—C1—Ol ~73.4 (5) Cl4—C13—C12—Cl1 1.2 (6)
Znl—02—C1—C2 105.2 (4) C12—C13—C14—C9 0.1 (6)
Znl—05—C8—06 ~77.3 (4) N3—C15—C16—C17 0.4 (5)
Znl'—05—C8—C9 104.0 (3) N3—C15—C16—C20 ~179.1 (3)
Znl—06—C8—05 ~7.5 (6) C15—C16—C17—C18 2.4 (6)
Znl—06—C8—C9 1712 (2) C20—C16—C17—C18 ~178.1 (4)
07—N2—Cl12—Cl1 175.7 (5) C15—C16—C20—09 ~33.3 (5)
07—N2—C12—CI3 ~5.9 (6) C15—C16—C20—N4 145.8 (3)
08—N2—C12—Cl1 ~5.8 (6) C17—C16—C20—09 147.2 (4)
08—N2—C12—Cl13 172.6 (4) C17—C16—C20—N4 ~33.7 (5)
Znl—N3—C15—C16 166.7 (3) C19—C18—C17—C16 -3.0(7)
C19—N3—C15—C16 —2.4(5) N3—C19—C18—Cl17 1.0 (7)
C15—N3—C19—C18 1.7 (6) C23—C22—C21—N5 0.9 (5)
Znl—N3—C19—C18 ~166.4 (3) C26—C22—C21—N5 ~178.9 (3)
Znl—N5—C21—C22 ~163.3 (2) C21—C22—C23—C24 -3.0(5)
C25—N5—C21—C22 1.8 (5) C26—C22—C23—C24 176.8 (3)
Znl—N5—C25—C24 161.1 (3) C22—(C23—C24—C25 2.3 (6)
C21—N5—C25—C24 -2.6(5) N5—C25—C24—C23 0.5 (6)
01—C1—C2—C3 13.6 (5) N6—C26—010—Znl¥ ~1.0(7)
01—C1—C2—C7 ~168.2 (4) C22—C26—010—Znl’ 178.5 (3)
02—C1—C2—C3 ~165.0 (4) 010—C26—C22—C21 36.8 (4)
02—C1—C2—C7 13.1 (5) 010—C26—C22—C23 ~142.9 (3)
Cl—C2—C3—C4 178.5 (4) N6—C26—C22—C21 ~143.6 (3)
C7—C2—C3—C4 0.3 (6) N6—C26—C22—C23 36.6 (5)

Symmetry codes: (i) —x+2, =y, —z; (ii) —x+1, =y, —=z.

Hydrogen-bond geometry (4, )

D—H-4 D—H H-A DA D—H-A
N4—H4B--O1i 0.86 2.20 2.851 (4) 132
N6—H64--O1 0.86 1.98 2.814 (4) 164
N6—H6B--09' 0.86 2.09 2.880 (4) 153
C15—H15-06 0.93 245 3.079 (4) 125
C19—H19--03" 0.93 2.57 3.238 (7) 130
C21—H21--010" 0.93 2.38 3.058 (4) 130

Symmetry codes: (i) —x+2, —y, —z; (i) —x+1, —y, —z; (iil) —x+2, —y+1, —z+1; (iv) x—1, y—1, z.
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Edited by M. Weil, Vienna University of
Technology, Austria In the title complex, [Co(CsH4NO,),(CsHgN,0),(H,0),], the Co' atom is
located on an inversion centre and is coordinated by two 4-cyanobenzoate
(CNB) anions, two nicotinamide (NA) ligands and two water molecules. The
four O atoms in the equatorial plane form a slightly distorted square-planar
arrangement, while the slightly distorted octahedral coordination sphere is
completed by the two N atoms of the NA ligands in the axial positions. The
Keywords: crystal structure; cobalt(ll); transition  djhedral angle between the carboxylate group and the adjacent benzene ring is
metal complexes of benzoic acid and Higge- 22.11 (15)°, while the pyridine and benzene rings are oriented at a dihedral angle
of 89.98 (5)°. In the crystal, intermolecular N—H- - -O and O—H- - -O hydrogen
CCDC reference: 1061935 bonds link the molecules, enclosing R3(8) and Rj(8) ring motifs, forming layers
Supporting information: this article has parallel to (100). The layers are linked via C—H---O and C—H- - -N hydrogen
supporting information at journals.iucr.org/e bonds, resulting in a three-dimensional network. A weak C—H. - -7 interaction
is also observed.

mide derivatives

1. Chemical context

Nicotinamide (NA) is one form of niacin. A deficiency of this
vitamin leads to loss of copper from the body, known as
pellagra disease. Victims of pellagra show unusually high
serum and urinary copper levels (Krishnamachari, 1974). The
nicotinic acid derivative N,N-diethylnicotinamide (DENA) is
an important respiratory stimulant (Bigoli er al, 1972).
Transition metal complexes with biochemical-relevant mol-
ecules show interesting physical and/or chemical properties,
through which they may find applications in biological systems
(Antolini et al., 1982). Some benzoic acid derivatives, such as
4-aminobenzoic acid, have been extensively reported in
coordination chemistry, as bifunctional organic ligands, due to
the varieties of their coordination modes (Chen & Chen, 2002;
Amiraslanov et al., 1979; Hauptmann et al., 2000).

NH,

Cs
N
The structure—function—coordination relationships of the
OPEN @ ACCESS arylcarboxylate ion in Zn" complexes of benzoic acid
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Figure 1

The molecular structure of the title compound with the atom-numbering
scheme. Displacement ellipsoids are drawn at the 50% probability level.
Symmetry-related atoms are defined by symmetry code —x + 1, —y + 1,
—z+ 1

derivatives change depending on the nature and position of
the substituted groups on the benzene ring, the nature of the
additional ligand molecule or solvent, and the pH and
temperature of synthesis (Shnulin ef al., 1981; Nadzhafov et al.,
1981; Antsyshkina et al., 1980; Adiwidjaja et al., 1978). When
pyridine and its derivatives are used instead of water mol-
ecules, the structure is completely different (Catterick et al.,
1974). In this context, we synthesized the Co''-containing title
compound, trans-diaquabis(4-cyanobenzoato-«xO)bis(nicotin-
amide-/ch)cobalt(II), [Co(CgH40,N),(CsHgN,0),(H,0),],
and report herein its crystal structure.

2. Structural commentary

In the mononuclear title complex, the Co™ atom is located on
an inversion centre and is coordinated by two 4-cyano-
benzoate (CNB) anions, two nicotinamide (NA) ligands and
two water molecules, with all ligands coordinating in a
monodentate manner (Fig. 1).

The two symmetry-related carboxylate O atoms (O2 and
02') and the two symmetry-related water O atoms (O4 and
04') form a slightly distorted square-planar arrangement,
while the slightly distorted octahedral coordination sphere is
completed by the two symmetry-related N atoms (N2 and N2')
of the two NA ligands in the axial positions [symmetry code:
(i) —x+1, =y + 1, —z + 1] (Fig. 1).

The very similar C1—O1 [1.254 (2) A] and C1-02
[1.256 (2) A], bond lengths of the carboxylate group indicate
delocalized bonding arrangements, rather than localized single
and double bonds. The Co—O bond lengths are 2.0835 (12) A
(for benzoate oxygen atoms) and 2.1350 (13) A (for water
oxygen atoms), and the Co—N bond length is 2.1390 (15) A,
close to standard values. The Col atom lies 0.3921 (1) A above

Table 1 .
Hydrogen-bond geometry (A, °).

Cg2 is the centroid of the C9-C13,N2 ring.

D—H---A D—H H---A D---A D—H---A
N3—H31..-03' 0.84 (3) 2.09 (3) 2.914 (3) 166 (3)
N3—H32.--01" 0.87 (3) 213 (3) 2.910 (3) 148 (3)
04—H41. - -01' 0.85 (3) 1.82 (3) 2.658 (2) 166 (3)
04—H42- --03" 0.80 (3) 211 (3) 2.877 (2) 161 (2)
C4—H4---01" 0.93 2.38 3.302 (3) 173
C9—H9- - N1¥ 0.93 2.54 3.305 (5) 140
C6—H6- - -Cg2*" 0.93 276 3.691 (2) 176

Symmetry codes: (i) —x,=y,—z+1; (ii) —x+1,-y,—z+1; (iii)
—x+1,-y+1,—z+1 (iv) —x,—y+1,—z+1 (v) x—=1,y,z; (vi) x+1,y,z2+1;
(vii) x,y,z — 1.

the planar (O1/0O2/C1) carboxylate group. The O—Co—O
and O—Co—N bond angles deviate only slightly from ideal
values, with average values of 90 (3)° and 90 (2)°, respectively.

The dihedral angle between the planar carboxylate group
(01/02/C1) and the adjacent benzene ring [A (C2-C7)] is
22.11 (15)°, while the benzene and pyridine [B (N2/C9-C13)]
rings are oriented at a dihedral angle of 89.98 (5)°.

3. Supramolecular features

In the crystal, N—H- - -O, (c = carboxylate), N—H---O, (n =
nicotinamide), O—H,:--O, (w = water) and O—H,---O,
hydrogen bonds (Table 1) link the molecules, enclosing R%(8)
and R}(8) ring motifs (Bernstein et al., 1995), forming layers
parallel to (100) (Fig. 2). The layers are linked via C—
Henp: - <O, (cnb = cyanobenzoate) and C—H,;- - ‘N, hydrogen
bonds (Table 1), resulting in a three-dimensional network. A
weak C—H- - -7 interaction is also observed.

4. Synthesis and crystallization

The title compound was prepared by the reaction of
CoS0O,-7H,0 (1.41 g, 5 mmol) in H,O (50 ml) and nicotina-
mide (1.22 g, 50 mmol) in H,O (50 ml) with sodium 4-cyano-

Figure 2

Part of the crystal structure viewed down [100], where the b axis is
horizontal and the ¢ axis is vertical. Intermolecular N—H- - -O and O—
H- - -O hydrogen bonds are shown as dashed lines. Non-bonding H atoms
have been omitted for clarity.
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benzoate (1.69 g, 10 mmol) in H,O (100 ml). The mixture was
filtered and set aside to crystallize at ambient temperature for
several days, giving pink-coloured single crystals.

5. Refinement

The experimental details including the crystal data, data
collection and refinement are summarized in Table 2. Atoms
H31 and H32 (for NH,) and H41 and H42 (for H,O) were
located in a difference Fourier map and were refined freely.
The aromatic C-bound H atoms were positioned geometrically
with C—H = 0.93 A, and constrained to ride on their parent
atoms, with Ujso(H) = 1.2U,4(C). The highest electron density
and the deepest hole were found 0.80 A and 0.83 A, respec-
tively, from Col.
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Crystal structure of trans-diaquabis(4-cyanobenzoato-xO)bis(nicotinamide-
kN cobalt(ll)
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Hokelek

Computing details

Data collection: APEX?2 (Bruker, 2012); cell refinement: SAINT (Bruker, 2012); data reduction: SAINT (Bruker, 2012);
program(s) used to solve structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine structure: SHELXL97
(Sheldrick, 2008); molecular graphics: ORTEP-3 for Windows (Farrugia, 2012); software used to prepare material for
publication: WinGX (Farrugia, 2012) and PLATON (Spek, 2009).

trans-Diaquabis(4-cyanobenzoato-xO)bis(nicotinamide-«N') cobalt(ll)

Crystal data

[C0(C8H4N02)2(C5H6N20)z(Hzo)z] Z=1

M,=631.46 F(000) =325

Triclinic, P1 D,=1.446 Mg m™®

Hall symbol: -P 1 Mo Ka radiation, A =0.71073 A
a=176474(3) A Cell parameters from 9898 reflections
b=9.9266 (4) A 6=2.2-28.6°

c=10.2782 (4) A 4 =0.65mm™!

o =178.680 (2)° T=296K

£ =284.200 (3)° Prism, translucent light pink
y="71.556 (2)° 0.43 x0.29 x 0.16 mm

V="725.13 (5) A®

Data collection

Bruker SMART BREEZE CCD 16533 measured reflections
diffractometer 3639 independent reflections
Radiation source: fine-focus sealed tube 3419 reflections with 7> 2a(/)
Graphite monochromator R, =0.036
@ and w scans Ormax = 28.6°, O = 2.0°
Absorption correction: multi-scan h=-10—10
(SADABS; Bruker, 2012) k=-12—13
Tnin = 0.797, Tinax = 0.901 [=-13—-13
Refinement
Refinement on F? 212 parameters
Least-squares matrix: full 0 restraints
R[F?>20(F*)] = 0.044 Primary atom site location: structure-invariant
wR(F?) =0.119 direct methods
S§=1.07 Secondary atom site location: difference Fourier
36309 reflections map

Acta Cryst. (2015). E71, 561-563 Sup-1
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Hydrogen site location: inferred from
neighbouring sites

H atoms treated by a mixture of independent
and constrained refinement

w = 1/[6*(F,?) + (0.0721P)* + 0.2871P]
where P = (F,> + 2F2)/3

(A/0)max < 0.001

Apmax=0.94 ¢ A7

Apmin=—0.49 ¢ A

Special details

Geometry. All esds (except the esd in the dihedral angle between two 1.s. planes) are estimated using the full covariance
matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles;
correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate
(isotropic) treatment of cell esds is used for estimating esds involving Ls. planes.

Refinement. Refinement of F? against ALL reflections. The weighted R-factor wR and goodness of fit S are based on F?,
conventional R-factors R are based on F, with F set to zero for negative F2. The threshold expression of F? > 2sigma(F?) is
used only for calculating R-factors(gt) etc. and is not relevant to the choice of reflections for refinement. R-factors based
on F? are statistically about twice as large as those based on F, and R- factors based on ALL data will be even larger.

Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (42)

X y z Uio™/Ueq
Col 0.5000 0.5000 0.5000 0.02573 (12)
o1 0.6366 (2) 0.34341 (18) 0.23257 (16) 0.0459 (4)
02 0.38784 (18) 0.47948 (14) 0.33110 (13) 0.0347 (3)
03 0.0668 (2) 0.16139 (15) 0.50697 (18) 0.0476 (4)
04 0.22430 (19) 0.57799 (15) 0.57811 (16) 0.0362 (3)
H41 0.250 (4) 0.608 (3) 0.644 (3) 0.064 (9)*
H42 0.147 (4) 0.643 (3) 0.538 (2) 0.038 (6)*
N1 ~0.0584 (5) 0.1958 (4) ~0.1318 (4) 0.1083 (13)
N2 0.4952 (2) 0.28815 (16) 0.59167 (15) 0.0303 (3)
N3 0.1614 (3) ~0.0568 (2) 0.6345 (2) 0.0473 (5)
H31 0.080 (4) -0.079 (3) 0.602 (3) 0.063 (9)*
H32 0.238 (4) -0.121 (3) 0.690 (3) 0.054 (8)*
Cl 0.4662 (2) 0.40272 (19) 0.24567 (17) 0.0300 (3)
2 0.3451 (2) 0.37166 (19) 0.15590 (17) 0.0298 (3)
C3 0.1622 (3) 03852 (2) 0.19215 (19) 0.0382 (4)
H3 0.1098 0.4240 0.2675 0.046%*
C4 0.0562 (3) 03414 (3) 0.1171 (2) 0.0457 (5)
H4 —0.0661 0.3486 0.1430 0.055*
Cs 0.1336 (3) 0.2869 (3) 0.0037 (2) 0.0458 (5)
C6 03143 (4) 0.2788 (3) ~0.0368 (2) 0.0570 (7)
H6 0.3641 0.2460 -0.1152 0.068*
C7 0.4203 (3) 0.3198 (3) 0.0398 (2) 0.0470 (5)
H7 0.5424 0.3126 0.0137 0.056%*
c8 0.0255 (4) 0.2372 (4) ~0.0727 (3) 0.0680 (8)
C9 0.6293 (2) 0.1956 (2) 0.66831 (19) 0.0339 (4)
H9 0.7280 0.2252 0.6841 0.041*
C10 0.6261 (3) 0.0585 (2) 0.7244 (2) 0.0428 (5)
H10 0.7210 —0.0033 0.7772 0.051%*
Cl1 0.4798 (3) 0.0138 (2) 0.7013 (2) 0.0419 (4)
H11 0.4756 —0.0786 0.7379 0.050*
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c12 0.3394 (2) 0.10851 (18) 0.62286 (18) 0.0307 (4)
C13 0.3539 (2) 0.24444 (18) 0.57084 (18) 0.0304 (3)
HI3 0.2601 0.3088 0.5185 0.037*

Cl4 0.1776 (3) 0.07268 (19) 0.5848 (2) 0.0352 (4)

Atomic displacement parameters (4?)

Ull l]22 l]B U12 U13 U23
Col  0.02515(17)  0.02306(18)  0.03406 (19)  —0.01019 (12)  —0.00572(12)  —0.00978 (12)
o1 0.0315 (7) 0.0592 (9) 0.0516 (8) ~0.0103 (6) ~0.0066 (6) ~0.0234 (7)
02 0.0355 (6) 0.0333 (6) 0.0400 (7) ~0.0084 (5) ~0.0111 (5) ~0.0157 (5)
03 0.0445 (8) 0.0303 (7) 0.0743 (11) ~0.0156 (6) ~0.0241 (7) ~0.0061 (7)
04 0.0290 (6) 0.0348 (7) 0.0464 (8) ~0.0075 (5) ~0.0060 (6) ~0.0120 (6)
N1 0.104 (2) 0.126 (3) 0.121 (3) ~0.030 (2) ~0.052 (2) ~0.065 (2)
N2 0.0304 (7) 0.0275 (7) 0.0370 (7) ~0.0115 (6) ~0.0065 (6) ~0.0082 (6)
N3 0.0515 (11) 0.0305 (8) 0.0691 (13) ~0.0229 (8) —0.0187 (9) ~0.0046 (8)
Cl 0.0332 (8) 0.0290 (8) 0.0312 (8) ~0.0130 (7) ~0.0068 (6) ~0.0040 (6)
2 0.0342 (8) 0.0291 (8) 0.0288 (8) ~0.0102 (7) ~0.0060 (6) ~0.0078 (6)
C3 0.0361 (9) 0.0491 (11) 0.0349 (9) ~0.0137 (8) ~0.0023 (7) ~0.0184 (8)
C4 0.0368 (10) 0.0620 (14) 0.0475 (11) ~0.0207 (9) ~0.0054 (8) ~0.0196 (10)
cs 0.0500 (11) 0.0505 (12) 0.0437 (11) ~0.0140 (9) ~0.0159 (9) ~0.0190 (9)
C7 0.0396 (10) 0.0679 (15) 0.0403 (10) ~0.0181 (10) 0.0037 (8) ~0.0253 (10)
Cé6 0.0523 (13) 0.0836 (18) 0.0428 (11) ~0.0148 (12) ~0.0034 (9) ~0.0377 (12)
C8 0.0649 (16) 0.0794 (19) 0.0706 (17) ~0.0168 (14) ~0.0256 (13) ~0.0357 (15)
C9 0.0295 (8) 0.0345 (9) 0.0404 (9) ~0.0108 (7) ~0.0076 (7) ~0.0083 (7)
Cl10  0.0382(10) 0.0349 (10) 0.0529 (12) ~0.0071 (8) ~0.0171 (8) ~0.0012 (8)
CIl  0.0456 (11) 0.0248 (8) 0.0561 (12) ~0.0123 (8) ~0.0133 (9) ~0.0006 (8)
Cl12  0.0331(8) 0.0241 (8) 0.0395 (9) —0.0111 (6) ~0.0046 (7) ~0.0106 (7)
CI3  0.0311(8) 0.0240 (7) 0.0399 (9) ~0.0104 (6) ~0.0091 (7) ~0.0069 (7)
Cl4  0.0361 (9) 0.0270 (8) 0.0490 (10) ~0.0139 (7) ~0.0043 (7) ~0.0133 (7)

Geometric parameters (A, °)

Col—02 2.0835 (12) C2—C7 1.391 (3)
Col—O2i 2.0835 (12) C3—C4 1.387 (3)
Col—04 2.1350 (13) C3—H3 0.9300
Col—O4i 2.1350 (13) C4—C5 1.381 (3)
Col—N2 2.1390 (15) C4—H4 0.9300
Col—NDi 2.1390 (15) C5—C6 1.384 (4)
01—Cl 1.254 (2) C5—C8 1.444 (3)
02—Cl 1.256 (2) C6—H6 0.9300
03—Cl4 1.234 (2) C7—C6 1.380 (3)
04—H41 0.85 (3) C7—H7 0.9300
04— H42 0.80 (3) C9—C10 1.378 (3)
N1—C8 1.136 (4) C9—H9 0.9300
N2—C9 1.341 (2) C10—H10 0.9300
N2—C13 1.335(2) C11—C10 1.383 (3)
N3—Cl4 1.326 (3) Cl1—HI11 0.9300
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N3—H31
N3—H32
Cl—C2
C2—C3

02—Col—02!
02—Col—04
02—Col—04
02—Col—04
02—Col1—04!
04—Col—04
02—Col—N2
02—Col—N2
02—Col—N2!
02—Col—N2!
04—Col—N2
04—Col—N2
04—Col—N2!
04—Col—N2!
N2i—Col—N2
C1—02—Col
Col—04—H41
Col—04—H42
H42—04—H41
C9—N2—Col
C13—N2—Col
CI13—N2—C9
C14—N3—H31
C14—N3—H32
H32—N3—H31
01—C1—02
01—C1—C2
02—Cl1—C2
C3—C2—C1
c3—C2—C7
C7—C2—C1
C2—C3—C4
C2—C3—H3

04—Col1—02—Cl1
04—Col1—02—CI1
N2—Co1—02—C1
N2i—Col—02—Cl1
02—Col—N2—C9
02—Col—N2—C9
02—Col—N2—C13
02—Col1—N2—C13
04—Col—N2—C9

0.84 (3)
0.87 (3)
1.506 (2)
1.381 (3)

180.0
87.59 (6)
92.41 (6)
92.41 (6)
87.59 (6)
180.000 (1)
89.99 (6)
90.01 (5)
90.01 (5)
89.99 (6)
87.40 (6)
92.60 (6)
92.60 (6)
87.40 (6)
180.00 (4)
127.68 (11)
97 (2)
122.7 (18)
107 (3)
123.03 (12)
118.91 (12)
118.05 (16)
116 (2)
123.3 (19)
120 (3)
125.70 (17)
116.72 (16)
117.48 (15)
120.48 (16)
119.43 (17)
119.95 (17)
120.52 (18)
119.7

~159.74 (16)
20.26 (16)
~72.35 (16)
107.65 (16)
141.91 (15)
~38.09 (15)
~37.22 (14)
142.78 (14)
~130.50 (15)

C12—C11
C12—C13
Cl12—Cl14
CI3—HI13

C4—C3—H3
C3—C4—H4
C5—C4—C3
C5—C4—H4
C4—C5—C6
C4—C5—C8
C6—C5—C8
C5—C6—H6
C7T—C6—C5
C7—C6—H6
C2—C7—H7
C6—C7—C2
C6—C7—H7
N1—C8—C5
N2—C9—C10
N2—C9—H9
C10—C9—H9
C9—C10—C11
C9—C10—HI10
C11—C10—HI10
C10—C11—C12
C10—C11—H11
Cl12—C11—H11
Cl11—C12—C14
C13—C12—Cl1
C13—C12—C14
N2—C13—C12
N2—C13—H]13
C12—C13—H]13
03—C14—N3
03—C14—C12
N3—C14—C12

02—C1—C2—C7
Cl—C2—C3—C4
C7—C2—C3—C4
C1—C2—C7—C6
C3—C2—C7—C6
C2—C3—C4—C5
C3—C4—C5—Co
C3—C4—C5—C8
C4—C5—Co6—C7

1.388 (3)
1.385 (2)
1.497 (2)
0.9300

119.7
120.3

119.5 (2)
120.3
120.46 (19)
119.7 (2)
119.8 (2)
120.1

119.8 (2)
120.1

119.9

120.3 (2)
119.9
178.9 (4)
122.33 (17)
118.8

118.8
119.16 (17)
120.4
120.4
119.24 (18)
120.4
120.4
124.94 (17)
117.65 (16)
117.35 (16)
123.58 (16)
118.2

118.2
122.08 (18)
119.90 (17)
118.00 (18)

163.80 (19)
~172.77 (19)
2.9 (3)

174.2 (2)
~1.6 (4)
~1.5 (4)
~1.4 (4)
178.2 (2)
2.8 (4)
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04i—Col—N2—C9 49.50 (15) C8—C5—C6—C7 ~176.8 (3)
04— Col—N2—C13 50.36 (14) C2—C7—C6—C5 ~1.3(4)

04 —Col—N2—C13 —129.64 (14) N2—C9—C10—C11 0.0 (3)
Col—02—C1—O01 -13.7(3) C12—C11—C10—C9 -0.4 (3)
Col—02—C1—C2 162.49 (12) C13—C12—CI11—C10 0.2 (3)
Col—N2—C9—C10 ~178.63 (15) Cl4—C12—C11—C10 177.2 (2)
C13—N2—C9—C10 0.503) C11—C12—C13—N2 0.3 (3)
Col—N2—C13—C12 178.47 (14) C14—C12—CI13—N2 —176.86 (17)
C9—N2—C13—CI2 -0.7(3) Cl1—C12—C14—03 ~174.9 (2)
01—C1—C2—C3 156.08 (19) C11—C12—C14—N3 34(3)
01—C1—C2—C7 ~19.6 (3) C13—C12—C14—03 2.1(3)
02—C1—C2—C3 -20.5 (3) C13—C12—C14—N3 —179.63 (19)
Symmetry code: (i) —x+1, —p+1, —z+1.

Hydrogen-bond geometry (4, °)

Cg2 is the centroid of the C9—C13,N2 ring.

D—HA D—H H-A DA D—HA
N3—H31--03" 0.84 (3) 2.09 (3) 2.914 (3) 166 (3)
N3—H32--0lii 0.87 (3) 2.13 3) 2.910 (3) 148 (3)
04—H41--01' 0.85 (3) 1.82 (3) 2.658 (2) 166 (3)
04— H42--03" 0.80 (3) 2.11 (3) 2.877 (2) 161 (2)
C4—H4--01Y 0.93 2.38 3.302 (3) 173
C9—H9-N1v 0.93 2.54 3.305 (5) 140
C6—H6--Cg2i 0.93 2.76 3.691 (2) 176

Symmetry codes: (i) —x+1, —y+1, —z+1; (ii) —x, —y, —z+1; (iil) —x+1, =y, —z+1; (iv) —x, —y+1, —z+1; (v) x—1, y, z; (vi) x+1, y, z+1; (vii) x, y, z—1.
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The asymmetric unit of the title salt, [Zn(CgH4NO,)(C¢HN,O)(H,0);]-
(CgH4NO,), contains one complex cation and one 4-cyanobenzoate (CNB)
counter-anion. The Zn" atom in the cation is coordinated by one 4-
cyanobenzoate ligand, one nicotinamide (NA) ligand and three water molecules,
the CNB anion thereby coordinating in a bidentate O,0’-mode through the
carboxylate group. The latter, together with one water O atom and the N atom

Keywords: crystal structure; zinc; transition of the NA ligand, form a distorted square-planar arrangement, while the
metal complexes; benzoic acid nicotinamide considerably distorted octahedral coordination sphere of the Zn'" atom is

completed by the two O atoms of additional water molecules in the axial
CCDC reference: 1401948 positions. The dihedral angles between the planar carboxylate groups and the

Supporting information: this article has

adjacent benzene rings in the two anions are 10.25 (10) and 5.89 (14)°.
Intermolecular O—H- - -O hydrogen bonds link two of the coordinating water
molecules to two free CNB anions. In the crystal, further hydrogen-bonding
interactions are present, namely N—H---O, O—H---O and C—H---O
hydrogen bonds that link the molecular components, enclosing R3(12), R3(8)
and R3(9) ring motifs and forming layers parallel to (001). 7— contacts between
benzene rings [centroid-to-centroid distances = 3.791 (1) and 3.882 (1) A] may
further stabilize the crystal structure.

supporting information at journals.iucr.org/e

1. Chemical context

As parts of our ongoing investigation on transition-metal
complexes of nicotinamide (NA), one form of niacin (Krish-
namachari, 1974), and/or the nicotinic acid derivative N,N-
diethylnicotinamide (DENA), an important respiratory
stimulant (Bigoli et al., 1972), the title compound was
synthesized and its crystal structure is reported herein.

NH,
SN
OH, o -
H,0 Zn/ ‘>—®—CN
A |
Q. 0
OPEN (J ACCESS L N
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Figure 1

The molecular entities of the title salt, showing the atom-numbering
scheme. Displacement ellipsoids are drawn at the 50% probability level.
Intermolecular O—H- - -O hydrogen bonds are shown as dashed lines.

2. Structural commentary

The asymmetric unit of the crystal structure of the title salt,
[Zn(CsH4O,N)(C¢HON,)(H,0);](CgH4,O,N), is composed
of one complex cation and one 4-cyanobenzoate (CNB)
counter-anion. The Zn" atom is coordinated by one
4-cyanobenzoate (CNB) anion, one nicotinamide (NA) ligand
and three water molecules, the CNB anion and NA ligand
coordinating in bidentate and monodentate modes, respec-
tively (Fig. 1).

In the cation, the four coordinating atoms (O1, O2, O5 and
N2) around the Znl atom show a distorted square-planar
arrangement, while the considerably distorted octahedral
coordination environment of Zn'" is completed by two addi-
tional water O atoms (O4 and O6) in the axial positions
(Table 1, Fig. 1).

The near equality of the C1—0O1 [1.2531 (18) A], Cl1-02
[1.2591 (19) A] and C15—07 [1.266(2) A], C15—08
[1.237 (2) A] bonds in the carboxylate groups indicate delo-
calized bonding arrangements, rather than localized single and
double bonds. The average Zn—O bond lengths are
2.19 (11) A for benzoate oxygen atoms and 2.10 (9) A for
water oxygen atoms; the Zn—N bond length is 2.0545 (12) A,
close to the values in related structures. The Znl atom lies
0.0093 (2) A above the planar (O1/02/C1) carboxylate group,
with a bite angle of 59.48 (4)°. Corresponding O—Zn—0O
angles are 60.03 (6)° in [Zn(CoH(NO,)(CsHeN,0O)-2H,0]
(Hokelek et al., 2009a), 59.02 (8)° in [Zn(CsHgNO,)(CsHe-
N,0)]-H,O (Hokelek et al., 2009b) and 57.53 (5), 56.19 (5) and
59.04 (4)° in [Zn(CgH;05),(CsHgN,0O)] (Hokelek et al., 2010).

The dihedral angles between the planar carboxylate groups
[(01/02/C1) and (O7/08/C15)] and the adjacent benzene
rings [A (C2-C7) and C (C16-C21)] are 10.25(10) and
5.89 (14)°, respectively, while the benzene rings and benzene
and pyridine [B (N2/C9—13)] rings are oriented at dihedral
angles of A/C =77.84 (6), A/B=8.97 (5) and B/C =71.43 (5)°.

Table 1 .

Selected bond lengths (A).

Zn1—-01 2.2724 (12) Zn1—05 2.0132 (11)
Zn1—02 2.1163 (12) Zn1—06 2.1917 (14)
Zn1—04 2.0917 (13) Zn1—N2 2.0545 (12)
Table 2 .

Hydrogen-bond geometry (A, °).

D—H---A D—H H--A D---A D—H---A
N3—H31.--02' 0.82 (2) 213 (3) 2914 (2) 162 (2)
N3—H32.--07" 0.92 (3) 235 (2) 3261 (2) 171 (2)
O4—H41...07" 075 (2) 2.04 (2) 2.7890 (17) 173 (3)
O4—H42- .08 0.76 (3) 1.89 (3) 2.6547 (18) 175 (3)
05—H51.--07 0.80 (2) 1.83 (2) 2.6264 (17) 171 (3)
05—H52---01" 074 (2) 2.05(2) 2.7610 (17) 164 (2)
06—H61.--03" 075 (3) 2.05 (3) 2.7993 (19) 170 (3)
06—H62. - N1" 0.76 (3) 2.17 (3) 2918 (3) 170 (3)
Cl11—H11---07' 0.93 2.49 3.415(2) 177

Symmetry codes: (i) x — 1,y + 1, z; (i) x — 1, y, z; (i) x + 1, y, 23 (iv) —x + 1, —y, —z.

3. Supramolecular features

In the crystal, N—H: - -O, (c = carboxylate), O—Hy: - -O, (W =
water), O—H,,- - -O, (n = nicotinamide), O—H,,- - -N,, as well
as C—H,- - -O, hydrogen bonds (Table 2) link the molecular
components, enclosing R3(12), R3(8) and R3(9) ring motifs
(Bernstein et al., 1995), forming layers parallel to (001) (Fig. 2).
Additional m—m contacts between the benzene rings,
Cgl---Cgl' and Cgl---Cg3" [symmetry codes: (i) 1 — x, —y,

Figure 2

A partial packing diagram of the title complex. Intermolecular N—
H---O,0—H---0,0—H---N and C—H- - -O hydrogen bonds are shown
as dashed lines, enclosing R3(12), R3(8) and R3(9) ring motifs. Non-
bonding H atoms have been omitted for clarity.
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Table 3
Experimental details.

Crystal data
Chemical formula

M,

Crystal system, space group
Temperature (K)

a, b, c (A)

o, B,y (%)

V (A%)

V4

Radiation type

@ (mm~")

Crystal size (mm)

Data collection
Diffractometer
Absorption correction

Tinins Tinax

No. of measured, independent and
observed [I > 20([)] reflections

Rim

(sin O/A)max (A7)

Refinement

R[F? > 20(F?%)], wR(F?), §
No. of reflections

No. of parameters

H-atom treatment

ADumaxs Apin (€ A7)

[Zn(CsH4NO,)(CgHN,O)-
(H,0)5](CsH,NO,)

533.81

Triclinic, PT

296

6.0858 (2), 8.7031 (3), 22.2357 (6)

81.882 (2), 87.806 (3), 88.007 (3)

116455 (6)

2

Mo Ka

1.11

0.45 x 0.36 x 0.25

Bruker SMART BREEZE CCD

Multi-scan (SADABS; Bruker,
2012)

0.625, 0.758

27167, 5839, 5450

0.034
0.670

0.030, 0.080, 1.05

5839

348

H atoms treated by a mixture of
independent and constrained
refinement

0.35, —0.33

Computer programs: APEX2 and SAINT (Bruker, 2012), SHELXS97 and SHELXL97
(Sheldrick, 2008), ORTEP-3 for Windows and WinGX (Farrugia, 2012) and PLATON

(Spek, 2009).

—z; (i) 1 — x, —y, 1 — z, where Cg1 and Cg3 are the centroids
of rings A and C, respectively], may further stabilize the
structure, with centroid-to-centroid distances of 3.791 (1) A
and 3.882 (1) A, respectively.

4. Synthesis and crystallization

The title compound was prepared by the reaction of
ZnS0O,-7H,0 (1.44 g, 5 mmol) in H,O (30 ml) and nicotina-

mide (1.22 g, 50 mmol) in H,O (50 ml) with sodium 4-cyano-
benzoate (1.69 g, 10 mmol) in H,O (100 ml). The mixture was
filtered and set aside to crystallize at ambient temperature for
several days, giving colourless single crystals.

5. Refinement

The experimental details including the crystal data, data
collection and refinement are summarized in Table 3. Atoms
H31 and H32 (as part of the NH, group) and H41, H42, H51,
HS52, H61 and H62 (as part of the water molecules) were
located in a difference Fourier map and were refined freely.
The aromatic C-bound H atoms were positioned geometrically
with C—H = 0.93 A, and constrained to ride on their parent
atoms, with Ujo(H) = 1.2Uq(C).
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Crystal structure of triaqua(4-cyanobenzoat0-x2O,O')(nicotinamide-xN1)zinc 4-

cyanobenzoate

Giilcin Sefiye Askin, Hacali Necefoglu, Gamze Yilmaz Nayir, Raziye Catak Celik and Tuncer

Hokelek

Computing details

Data collection: APEX?2 (Bruker, 2012); cell refinement: SAINT (Bruker, 2012); data reduction: SAINT (Bruker, 2012);
program(s) used to solve structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine structure: SHELXL97
(Sheldrick, 2008); molecular graphics: ORTEP-3 for Windows (Farrugia, 2012); software used to prepare material for
publication: WinGX (Farrugia, 2012) and PLATON (Spek, 2009).

Triaqua(4-cyanobenzoato-x*O,0") (nicotinamide-xN")zinc 4-cyanobenzoate

Crystal data

[Zn(CsHNO,)(CeHgN,0)(H,0)3](CsHiNOy)

M, =533.81
Triclinic, P1

Hall symbol: -P 1
a=6.0858 (2) A
b=8.7031 (3) A
c=22.2357(6) A
o= 81.882 (2)°

£ =87.806 (3)°
y=88.007 (3)°
V'=1164.55 (6) A®

Data collection

Bruker SMART BREEZE CCD
diffractometer

Radiation source: fine-focus sealed tube

Graphite monochromator

¢ and o scans

Absorption correction: multi-scan
(SADABS; Bruker, 2012)

Tin = 0.625, Tinax = 0.758

Refinement

Refinement on F?
Least-squares matrix: full
R[F*>20(F*)]=0.030
wR(F?) = 0.080

S=1.05

5839 reflections

Z=2

F(000) =548

Dy=1.522 Mg m™

Mo Ko radiation, A = 0.71073 A

Cell parameters from 9885 reflections
0=12.4-28.4°

=111 mm™

T=296K

Prism, translucent light colourless
0.45 x 0.36 x 0.25 mm

27167 measured reflections
5839 independent reflections
5450 reflections with 7 > 2a(/)
R, =0.034

Ormax = 28.4°, Bnin = 1.9°
h=-T7-8

k=-11-11

[=-29—29

348 parameters

0 restraints

Primary atom site location: structure-invariant
direct methods

Secondary atom site location: difference Fourier
map
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Hydrogen site location: inferred from
neighbouring sites

H atoms treated by a mixture of independent
and constrained refinement

w = 1/[6*(F,?) + (0.0394P)* + 0.4376P]
where P = (F,> + 2F2)/3

(A/0)max = 0.001

Apmax =035 A3

Apmin=—0.33 e A

Special details

Geometry. All esds (except the esd in the dihedral angle between two 1.s. planes) are estimated using the full covariance
matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles;
correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate
(isotropic) treatment of cell esds is used for estimating esds involving Ls. planes.

Refinement. Refinement of F? against ALL reflections. The weighted R-factor wR and goodness of fit S are based on F?,
conventional R-factors R are based on F, with F set to zero for negative F2. The threshold expression of F? > 2sigma(F?) is
used only for calculating R-factors(gt) etc. and is not relevant to the choice of reflections for refinement. R-factors based
on F? are statistically about twice as large as those based on F, and R- factors based on ALL data will be even larger.

Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (42)

X y z Uiso™/Uqq

Znl 0.90164 (3) 0.228852 (18) 0.220630 (8) 0.02931 (6)
o1 0.58663 (19) 0.18054 (14) 0.17586 (6) 0.0398 (3)
02 0.89148 (19) 0.04418 (14) 0.16835 (6) 0.0386 (3)
03 0.1991 (2) 0.64093 (14) 0.17635 (6) 0.0425 (3)
04 0.8145 (2) 0.08998 (17) 0.30208 (6) 0.0456 (3)
H41 0.698 (4) 0.078 (3) 0.3136 (11) 0.051 (7)*
H42 0.887 (4) 0.079 (3) 0.3298 (12) 0.060 (7)*
05 1.21393 (19) 0.21434 (14) 0.24815 (6) 0.0346 (2)
H51 1.258 (4) 0.162 (3) 0.2779 (11) 0.057 (7)*
H52 1.298 (4) 0.209 (2) 0.2238 (9) 0.035 (5)*
06 1.0470 (3) 0.36922 (16) 0.14029 (6) 0.0442 (3)
Hol 1.087 (4) 0.447 (3) 0.1457 (11) 0.052 (7)*
H62 0.983 (4) 0.379 (3) 0.1113 (12) 0.060 (8)*
o7 1.38028 (19) 0.02307 (15) 0.33815 (5) 0.0413 (3)
08 1.0769 (2) 0.0341 (2) 0.39584 (6) 0.0620 (4)
N1 0.1949 (5) —0.3612 (3) —0.03004 (10) 0.0940 (9)
N2 0.7668 (2) 0.42834 (14) 0.24805 (6) 0.0315 (3)
N3 0.2052 (3) 0.83017 (18) 0.23482 (8) 0.0454 (4)
H31 0.101 (4) 0.872 (3) 0.2162 (11) 0.058 (7)*
H32 0.269 (4) 0.879 (3) 0.2633 (11) 0.057 (6)*
N4 1.7600 (4) —0.5182 (3) 0.61042 (11) 0.0876 (8)
Cl 0.6926 (2) 0.07134 (17) 0.15590 (7) 0.0292 (3)
C2 0.5848 (2) —0.02630 (17) 0.11607 (6) 0.0294 (3)
C3 0.3787 (3) 0.0185 (2) 0.09399 (8) 0.0381 (3)
H3 0.3076 0.1079 0.1044 0.046*

C4 0.2796 (3) —-0.0701 (2) 0.05652 (8) 0.0469 (4)
H4 0.1420 —0.0405 0.0413 0.056*

C5 0.3867 (3) —0.2038 (2) 0.04169 (8) 0.0470 (4)
C6 0.5917 (4) —-0.2502 (2) 0.06388 (9) 0.0473 (4)
H6 0.6618 —-0.3402 0.0538 0.057*
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C7 0.6911 (3) —0.16065 (19) 0.10140 (8) 0.0371 (3)
H7 0.8286 —0.1905 0.1167 0.045%*
C8 0.2809 (5) —0.2932 (3) 0.00172 (10) 0.0665 (7)
C9 0.8671 (3) 0.4895 (2) 0.29107 (8) 0.0417 (4)
H9 0.9926 0.4393 0.3078 0.050*
C10 0.7913 (3) 0.6238 (3) 0.31145 (10) 0.0558 (5)
H10 0.8666 0.6654 0.3407 0.067*
Cl1 0.6017 (3) 0.6963 (2) 0.28798 (9) 0.0491 (5)
H11 0.5467 0.7867 0.3017 0.059*
C12 0.4942 (2) 0.63340 (16) 0.24389 (7) 0.0299 (3)
C13 0.5853 (3) 0.50013 (16) 0.22481 (7) 0.0303 (3)
H13 0.5169 0.4585 0.1943 0.036*
Cl4 0.2868 (3) 0.70160 (16) 0.21562 (7) 0.0317 (3)
Cl15 1.2702 (3) —0.0089 (2) 0.38754 (7) 0.0346 (3)
Clé6 1.3816 (3) —0.11192 (18) 0.43897 (7) 0.0318 (3)
C17 1.2673 (3) —0.1557 (2) 0.49338 (8) 0.0423 (4)
H17 1.1254 —0.1161 0.4993 0.051%*
C18 1.3630 (3) —0.2582 (2) 0.53905 (8) 0.0503 (5)
H18 1.2857 —0.2876 0.5755 0.060*
C19 1.5746 (3) —0.3167 (2) 0.53011 (8) 0.0446 (4)
C20 1.6928 (3) —0.2701 (2) 0.47640 (9) 0.0445 (4)
H20 1.8358 —-0.3079 0.4708 0.053*
C21 1.5961 (3) —0.1669 (2) 0.43142 (8) 0.0379 (3)
H21 1.6757 —0.1340 0.3957 0.046*
C22 1.6768 (4) —0.4285 (3) 0.57586 (10) 0.0600 (6)
Atomic displacement parameters (4?)

Ull U22 U33 U12 U13 l]23
Znl 0.02640 (10) 0.02670 (9) 0.03590 (11) 0.00369 (6) —0.00771 (7) —0.00734 (7)
01 0.0353 (6) 0.0404 (6) 0.0465 (7) 0.0023 (5) —0.0002 (5) —0.0171 (5)
02 0.0304 (6) 0.0382 (6) 0.0498 (7) 0.0022 (5) —0.0125 (5) —0.0126 (5)
03 0.0435 (7) 0.0344 (6) 0.0514 (7) 0.0022 (5) —0.0162 (6) —0.0087 (5)
04 0.0294 (7) 0.0607 (8) 0.0418 (7) —0.0051 (6) —0.0061 (6) 0.0118 (6)
05 0.0247 (5) 0.0420 (6) 0.0354 (6) 0.0037 (5) —0.0037 (5) 0.0001 (5)
06 0.0579 (8) 0.0391 (7) 0.0365 (7) —0.0094 (6) —0.0098 (6) —0.0044 (5)
o7 0.0318 (6) 0.0549 (7) 0.0333 (6) 0.0080 (5) —0.0017 (5) 0.0055 (5)
08 0.0332 (7) 0.1071 (13) 0.0398 (7) 0.0214 (7) —0.0021 (5) 0.0051 (7)
N1 0.135(2) 0.0930 (17) 0.0616 (13) —0.0520 (16) —0.0348 (14) —0.0149 (12)
N2 0.0299 (6) 0.0296 (6) 0.0357 (7) 0.0044 (5) —0.0043 (5) —0.0070 (5)
N3 0.0446 (9) 0.0346 (7) 0.0583 (10) 0.0146 (6) —0.0166 (8) —0.0113 (7)
N4 0.0892 (16) 0.0843 (15) 0.0815 (15) —0.0089 (13) —0.0451 (13) 0.0280 (12)
Cl 0.0297 (7) 0.0299 (7) 0.0277 (7) —0.0022 (5) —0.0016 (5) —0.0031 (5)
C2 0.0284 (7) 0.0334 (7) 0.0267 (7) —0.0051 (6) —0.0011 (5) —0.0043 (5)
C3 0.0307 (8) 0.0458 (9) 0.0380 (8) —0.0017 (7) —0.0046 (6) —0.0049 (7)
C4 0.0367 (9) 0.0646 (12) 0.0392 (9) —0.0136 (8) —0.0115 (7) —0.0005 (8)
C5 0.0598 (12) 0.0532 (10) 0.0296 (8) —0.0268 (9) —0.0066 (8) —0.0038 (7)
C6 0.0640 (12) 0.0378 (9) 0.0433 (9) —0.0094 (8) —0.0034 (8) —0.0138 (7)
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C7 0.0378 (9) 0.0358 (8) 0.0389 (8) —0.0015 (6) —0.0039 (7) —0.0086 (6)
C8 0.0899 (17) 0.0679 (14) 0.0446 (11) —0.0359 (13) -0.0173 (11) —0.0057 (10)
Cc9 0.0352 (9) 0.0491 (9) 0.0435 (9) 0.0117 (7) —0.0118 (7) —0.0156 (7)
C10 0.0502 (11) 0.0651 (12) 0.0609 (12) 0.0198 (9) —0.0255 (9) —0.0379 (10)
Cl1 0.0477 (10) 0.0479 (10) 0.0580 (11) 0.0169 (8) —0.0167 (9) —0.0292 (9)
C12 0.0306 (7) 0.0262 (6) 0.0324 (7) 0.0019 (5) —0.0020 (6) —0.0028 (5)
C13 0.0314 (7) 0.0262 (6) 0.0338 (7) 0.0008 (5) —0.0052 (6) —0.0056 (5)
Cl4 0.0323 (8) 0.0248 (6) 0.0369 (8) 0.0010 (5) —0.0034 (6) —0.0007 (5)
C15 0.0281 (7) 0.0446 (8) 0.0308 (7) 0.0026 (6) —0.0058 (6) —0.0048 (6)
Cl6 0.0306 (7) 0.0363 (7) 0.0292 (7) —0.0011 (6) —0.0064 (6) —0.0055 (6)
C17 0.0365 (9) 0.0542 (10) 0.0354 (8) 0.0005 (7) —=0.0010 (7) —0.0041 (7)
C18 0.0545 (11) 0.0608 (12) 0.0331 (9) —0.0055 (9) —0.0020 (8) 0.0031 (8)
C19 0.0488 (10) 0.0434 (9) 0.0407 (9) —0.0062 (8) —0.0185 (8) 0.0028 (7)
C20 0.0351 (9) 0.0472 (9) 0.0496 (10) 0.0035 (7) —-0.0121 (7) 0.0003 (8)
C21 0.0334 (8) 0.0428 (8) 0.0362 (8) 0.0003 (7) —0.0040 (6) —0.0007 (7)
C22 0.0617 (13) 0.0613 (13) 0.0544 (12) —0.0092 (10) —0.0247 (10) 0.0090 (10)
Geometric parameters (A, ©)

Zn1—O01 2.2724 (12) C5—C4 1.388 (3)
Zn1—02 2.1163 (12) C5—C6 1.385 (3)
Zn1—04 2.0917 (13) C5—C8 1.444 (3)
Zn1—05 2.0132 (11) C6—H6 0.9300

Zn1—06 2.1917 (14) C7—C6 1.387 (2)
Zn1—N2 2.0545 (12) C7—H7 0.9300

Zn1—Cl1 2.5276 (15) C9—C10 1.372 (2)
01—Cl1 1.2531 (18) C9—H9 0.9300

02—C1 1.2591 (19) C10—H10 0.9300
03—Cl4 1.230 (2) C11—C10 1.380 (3)
04—H41 0.75 (3) Cl1—H11 0.9300
04—H42 0.77 (3) Cl12—C11 1.384 (2)
O5—HS51 0.80 (3) C12—C13 1.382 (2)
O5—HS52 0.74 (2) Cl12—Cl14 1.498 (2)
06—H61 0.75 (3) C13—HI13 0.9300
06—H62 0.76 (3) C14—N3 1.327 (2)
07—C15 1.266 (2) C15—08 1.237 (2)
N1—C8 1.136 (3) C15—C16 1.516 (2)
N2—C9 1.335(2) Cl6—C17 1.384 (2)
N2—C13 1.3351 (19) Cl6—C21 1.387 (2)
N3—H31 0.82 (3) C17—C18 1.385(3)
N3—H32 0.91 (3) C17—H17 0.9300
N4—C22 1.136 (3) C18—HI18 0.9300

Cl1—C2 1.494 (2) C19—C18 1.386 (3)
C2—C3 1.388 (2) C19—C22 1.447 (3)
Cc2—C7 1.390 (2) C20—C19 1.388 (3)
C3—C4 1.380 (2) C20—H20 0.9300

C3—H3 0.9300 C21—C20 1.381 (2)
C4—H4 0.9300 C21—H21 0.9300
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02—Zn1—O01
04—Zn1—01
05—Zn1—01
06—Zn1—O01
N2—Znl—O1
05—Zn1—02
04—Zn1—02
N2—Zn1—02
05—Zn1—04
N2—Zn1—04
02—Zn1—06
04—Zn1—06
05—Zn1—06
N2—Zn1—06
05—Znl1—N2
01—Zn1—Cl1
02—Zn1—C1
04—Zn1—Cl1
05—Zn1—Cl1
06—Zn1—Cl1
N2—Zn1—C1
C1—O1—Znl
C1—02—Znl
Zn1—04—H41
Zn1—04—H42
H42—04—H41
Zn1—O5—H51
Zn1—O5—H52
H52—05—HS51
Zn1—O6—H61
Zn1—O6—H62
H61—06—H62
C9—N2—Znl
C13—N2—Znl
C9—N2—C13
C14—N3—H3l1
C14—N3—H32
H31—N3—H32
0O1—C1—Znl
02—C1—Znl
C2—Cl1—Znl
01—C1—02
01—C1—C2
02—Cl1—C2
C3—C2—C1
c3—C2—C7
C7—C2—C1

59.48 (4)
92.90 (5)
162.17 (5)
95.68 (5)
91.98 (5)
102.69 (5)
93.77 (6)
150.78 (5)
87.85 (6)
93.81 (6)
87.82 (5)
170.83 (6)
82.99 (6)
89.13 (5)
105.76 (5)
29.66 (4)
29.82 (5)
93.91 (5)
132.51 (5)
91.96 (5)
121.41 (5)
86.53 (9)
93.49 (9)
123.9 (18)
122.6 (19)
107 (3)
126.1 (17)
114.8 (16)
107 (2)
115.0 (18)
118 (2)

110 (3)
118.11 (11)
123.38 (10)
118.51 (13)
115.4 (17)
123.8 (15)
120 (2)
63.82 (8)
56.69 (8)
175.80 (11)
120.51 (14)
120.21 (14)
119.28 (13)
119.43 (14)
120.58 (15)
119.99 (14)

C5—C4—H4
C4—C5—C8
C6—C5—C4
C6—C5—C8
C5—C6—C7
C5—C6—H6
C7—C6—H6
C2—C7—H7
C6—C7—C2
Co—CT7—H7
N1I—C8—C5
N2—C9—C10
N2—C9—H9
C10—C9—H9
C9—C10—C11
C9—C10—H10
C11—C10—H10
C10—C11—C12
C10—Cl11—HI11
C12—C11—H11
Cl11—C12—C14
C13—C12—Cl11
C13—C12—C14
N2—C13—C12
N2—C13—H]13
C12—C13—H13
03—C14—N3
03—C14—C12
N3—C14—C12
07—C15—C16
08—C15—07
08—C15—C16
C17—C16—CI5
Cl17—Cl16—C21
C21—C16—Cl15
C16—C17—CI18
Cl16—C17—H17
C18—C17—H17
C17—C18—C19
C17—C18—H18
C19—C18—H18
C18—C19—C20
C18—C19—C22
C20—C19—C22
C19—C20—H20
C21—C20—C19
C21—C20—H20

120.2

118.5 (2)
121.15 (16)
120.4 (2)
119.12 (18)
120.4
120.4

120.1
119.86 (17)
120.1

178.7 (3)
122.20 (16)
118.9

118.9
119.10 (17)
120.5

120.5
119.40 (16)
120.3

120.3
123.93 (14)
117.67 (14)
118.40 (14)
123.08 (14)
118.5

118.5
122.30 (15)
121.07 (14)
116.63 (15)
117.31 (14)
124.46 (15)
118.19 (15)
120.11 (14)
119.38 (15)
120.49 (14)
120.40 (17)
119.8

119.8
119.64 (17)
120.2

120.2
120.37 (16)
121.19 (19)
118.43 (19)
120.3
119.37 (17)
120.3
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C2—C3—H3
C4—C3—C2
C4—C3—H3
C3—C4—C5
C3—C4—H4

02—Zn1—01—C1
04—Zn1—0O1—Cl1
05—Zn1—01—Cl1
06—Zn1—0O1—C1
N2—Zn1—0O1—Cl1
01—Zn1—02—Cl1
04—Zn1—02—Cl1
05—Zn1—02—C1
06—Zn1—02—C1
N2—Zn1—02—Cl1
O1—Zn1—N2—C9
01—Zn1—N2—C13
02—Zn1—N2—C9
02—Zn1—N2—CI13
04—Zn1—N2—C9
04—Zn1—N2—C13
05—Zn1—N2—C9
05—Zn1—N2—C13
06—Zn1—N2—C9
06—Zn1—N2—C13
C1—Zn1—N2—C9
C1—Znl—N2—C13
01—Zn1—C1—02
02—Zn1—C1—0l1
04—Zn1—C1—O01
04—Zn1—C1—02
05—Zn1—C1—O01
05—Zn1—C1—02
06—Zn1—C1—O01
06—Zn1—C1—02
N2—Zn1—C1—O0l1
N2—Znl—C1—02
Zn1—O01—C1—02
Zn1—O01—C1—C2
Zn1—02—C1—O01
Zn1—02—C1—C2
Zn1—N2—C9—C10
C13—N2—C9—C10

Znl—N2—C13—C12

120.2
119.68 (17)
120.2
119.60 (17)
120.2

~0.14 (9)
~92.81 (10)
0.8 (2)
83.95 (10)
173.27 (9)
0.14 (8)
91.28 (10)
179.92 (9)
~97.77 (10)
~13.46 (16)
163.71 (13)
~16.72 (13)
17539 (12)
~5.04 (19)
70.67 (14)
~109.76 (13)
~18.17 (14)
161.40 (12)
~100.64 (14)
78.93 (13)
167.60 (12)
~12.83 (15)
~179.76 (15)
179.76 (15)
88.99 (10)
~90.77 (10)
179.65 (9)
-0.11 (12)
~98.06 (10)
82.18 (10)
~7.89 (11)
172.35 (9)
0.23 (14)
~178.65 (12)
~0.25 (15)
178.64 (11)
178.82 (17)
-0.8(3)
179.33 (11)

Cl16—C21—H21
C20—C21—Cl16
C20—C21—H21
N4—C22—C19

C9—N2—C13—C12
01—C1—C2—C3
01—C1—C2—C7
02—C1—C2—C3
02—C1—C2—C7
Cl1—C2—C3—C4
C7T—C2—C3—C4
Cl—C2—C7—C6
C3—C2—C7—Co6
C2—C3—C4—C5
C6—C5—C4—C3
C8—C5—C4—C3
C4—-C5—Co—C7
C8—C5—C6—C7
C2—C7—C6—C5
N2—C9—C10—Cl11
C12—C11—C10—C9
C13—C12—CI11—C10
Cl14—C12—C11—C10
C11—C12—C13—N2
C14—C12—C13—N2
C11—C12—C14—03
Cl1—C12—C14—N3
C13—C12—C14—03
C13—C12—C14—N3
07—C15—C16—C17
07—C15—C16—C21
08—C15—C16—C17
08—C15—C16—C21
C15—C16—C17—C18
C21—C16—C17—C18
C15—C16—C21—C20
C17—C16—C21—C20
C16—C17—C18—C19
C20—C19—CI18—C17
C22—C19—CI18—C17
C21—C20—C19—C18
C21—C20—C19—C22
C16—C21—C20—C19

119.6
120.76 (16)
119.6
178.0 3)

-1.12)
9.5(2)
~170.49 (14)
~169.34 (14)
10.6 (2)
179.15 (15)
~0.8(2)
~179.31 (15)
0.7 (2)
0.5(3)
0.1(3)
~179.13 (17)
-0.2 (3)
178.95 (17)
-0.1(3)

1.8 (4)

~0.9 (4)
~0.8 (3)
179.55 (19)
1.9 (2)
~178.46 (14)
179.62 (17)
0.1(3)

0.0 (2)
~179.54 (15)
~177.65 (16)
0.4 (2)

0.1 (3)
178.16 (18)
175.64 (17)
2.4(3)
~175.12 (16)
3.0 (3)
0.1(3)
1.73)
~177.64 (19)
~1.2(3)
178.15 (18)
~1.1(3)
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Hydrogen-bond geometry (4, )

D—H-A D—H H-A DA D—H-A
N3—H31--02 0.82 (2) 2.13 (3) 2914 (2) 162 (2)
N3—H32--07 0.92 (3) 2.35(2) 3.261 (2) 171 2)
04— H41--07" 0.75 (2) 2.04 (2) 2.7890 (17) 173 3)
04—H42--08 0.76 (3) 1.89 (3) 2.6547 (18) 175 3)
05—H51--07 0.80 (2) 1.83 (2) 2.6264 (17) 171 3)
05—H52--0lii 0.74 (2) 2.05 (2) 2.7610 (17) 164 (2)
06—H61--03 0.75 (3) 2.05 (3) 2.7993 (19) 170 (3)
06—H62-N1V 0.76 (3) 2.17 (3) 2.918 (3) 170 (3)
Cl1—H11--07 0.93 2.49 3.415(2) 177

Symmetry codes: (i) x—1, y+1, z; (i) x—1, y, z; (iii) x+1, y, z; (iv) —x+1, =y, —z.

Acta Cryst. (2015). E71, 684-686 sup-7



@)
-
Q
&
<
[<Y]
=
~

electronic reprint

CRYSTALLOGRAPHIC
COMMUNICATIONS

ﬁ

ISSN: 2056-9890
journals.iucr.org/e

Crystal structure of trans-diaquabis(nicotinamide-~N")bis(4-
nitrobenzoato-~O)manganese(ll)

Giilcin Sefiye Askin, Hacali Necefoglu, Ali Murat Tonbul, Nefise Dilek and
Tuncer Hokelek

Acta Cryst. (2016). E72, 656-658

==. IUCr Journals

WEE (RYSTALLOGRAPHY JOURNALS ONLINE

This open-access article is distributed under the terms of the Creative Commons Attribution Licence
http://creativecommons.org/licenses/by/2.0/uk/legalcode, which permits unrestricted use, distribution, and
reproduction in any medium, provided the original authors and source are cited.

Acta Cryst. (2016). E72, 656-658 Askin et al. - [Mn(C7H4NO4)2(CsHgN20)2(H20)s]


http://journals.iucr.org/e/
http://dx.doi.org/10.1107/S2056989016005612
http://creativecommons.org/licenses/by/2.0/uk/legalcode
http://crossmark.crossref.org/dialog/?doi=10.1107/S2056989016005612&domain=pdf&date_stamp=2016-04-08

research communications

Crystal structure of trans-diaquabis(nicotinamide-

CRYSTALLOGRAPHIC Tt e .
kN ")bis(4-nitrobenzoato-kO)manganese(ll)

E COMMUNICATIONS

Acta Cryst

ISSN 2056-9890
Giilgin Sefiye Askin,® Hacali Necefoglu,” Ali Murat Tonbul,” Nefise Dilek and

Tuncer Hokelek®*

?Department of Physics, Hacettepe University, 06800 Beytepe, Ankara, Turkey, bDepartment of Chemistry, Kafkas

Received 19 March 2016 University, 36100 Kars, Turkey, “International Scientific Research Centre, Baku State University, 1148 Baku, Azerbaijan,

Accepted 5 April 2016

Edited by H. Ishida, Okayama University, Japan
Keywords: crystal structure; manganese(ll);
nicotinamide; 4-nitrobenzoic acid; transition
metal complex.

CCDC reference: 1472331

Supporting information: this article has
supporting information at journals.iucr.org/e

OPEN & ACCESS

and 9Department of Physics, Aksaray University, 68100, Aksaray, Turkey. *Correspondence e-mail:
merzifon@hacettepe.edu.tr

The asymmetric unit of the title compound, [Mn(C;H4;NO,),(CsHgN,O),-
(H,0),], contains one Mn" atom, one 4-nitrobenzoate (NB) anion, one
nicotinamide (NA) ligand and one water molecule; NA and NB each act as a
monodentate ligand. The Mn"" atom, lying on an inversion centre, is coordinated
by four O atoms and two pyridine N atoms in a distorted octahedral geometry.
The water molecules are hydrogen bonded to the carboxylate O atoms. The
dihedral angle between the carboxylate group and the adjacent benzene ring is
24.4 (3)°, while the benzene and pyridine rings are oriented at a dihedral angle
of 86.63 (11)°. In the crystal, O—H. - -O and N—H- - -O hydrogen bonds link the
molecules, forming a layer parallel to the ab plane. The layers are further linked
via weak C—H---O hydrogen bonds, a 7—m stacking interaction [centroid—
centroid distance = 3.868 (2) A] and a weak C—H.- - -7 interaction, resulting in a
three-dimensional network.

1. Chemical context

Nicotinamide (NA) is one form of niacin. A deficiency of this
vitamin leads to loss of copper from the body, known as
pellagra disease. The NA ring is the reactive part of nicoti-
namide adenine dinucleotide (NAD) and its phosphate
(NADP), which are the major electron carriers in many
biological oxidation-reduction reactions (You et al., 1978).
The nicotinic acid derivative N,N-diethylnicotinamide
(DENA) is an important respiratory stimulant (Bigoli et al.,
1972). Transition metal complexes with biochemical molecules
show interesting physical and/or chemical properties with
potential applications in biological systems (Antolini et al.,
1982).

O,N
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Figure 1

The molecular structure of the title compound with the atom-numbering
scheme. Displacement ellipsoids are drawn at the 40% probability level.
Intramolecular O—H---O hydrogen bonds are shown as dashed lines.
Unlabelled atoms are symmetry-related to labelled atoms by (—x, —y,
—2).

Crystal structures of metal complexes with benzoic acid
derivatives have been reported extensively because of the
varieties of their coordination modes. For example, Co and Cd
complexes with 4-aminobenzoic acid (Chen & Chen, 2002;
Amiraslanov et al, 1979; Hauptmann et al, 2000), Co
complexes with benzoic acid (Catterick et al., 1974), 4-nitro-
benzoic acid (Nadzhafov et al, 1981) and phthalic acid
(Adiwidjaja et al., 1978), and Cu with 4-hydroxybenzoic acid
(Shnulin et al, 1981) have been described. Mn complexes
closely related to the title compound, diaquabis(4-nitro-
benzoato)bis(1H-1,2,4-triazol-3-amine)manganese (Zhang et
al., 2013) and diaquabis(1H-imidazole)bis(4-nitrobenzoato)-
manganese (Xu & Xu, 2004), have also been reported.

2. Structural commentary

The asymmetric unit of the title mononuclear complex
contains one Mn'" atom (site symmetry 1), one 4-nitro-
benzoate (NB) anion, one nicotinamide (NA) ligand and one
water molecule, all ligands coordinating in a monodentate
manner. In the complex, the two carboxylate O atoms (O2 and
02 of the two symmetry-related monodentate NB anions
and the two symmetry-related water O atoms (O6 and O6'™)
around the Mn" atom form a slightly distorted square-planar
arrangement, while the slightly distorted octahedral coordi-
nation sphere is completed by the two pyridine N atoms (N2
and N2') of the two symmetry-related monodentate NA
ligands in the axial positions [symmetry code: (iii) —x, —y, —z;
Fig. 1].

The near equality of C—O bond lengths [C1—-O1 =
1.253 (4) and C1—02 =1.248 (4) A] in the carboxylate group
indicates delocalized bonds rather than localized single and
double bonds. The Mn—O bond lengths [2.156 (2) and
2.115 (2) A] and the Mn—N bond length [2.134 (3) A] are
close to the standard values. Atom Mnl lies 0.4172 (1) A

Table 1 .
Hydrogen-bond geometry (A, °).

Cg2 is the centroid of the N2/C8-C12 ring.

D—H---A D—H H---A D---A D—H---A
N3—H3A---05' 0.90 (5) 2.07 (6) 2.898 (6) 152 (4)
N3—H3B.--01" 0.90 (4) 2.19 (5) 2.923 (4) 138 (4)
06—H61- - -01' 0.90 (4) 1.78 (5) 2.646 (5) 161 (4)
06—H62- - -05" 0.89 (3) 2.10 (4) 2.897 (3) 148 (4)
C3—H3---04" 0.93 2.59 3.456 (6) 156
C6—H6- --01" 0.93 2.40 3.319 (4) 170
C12—H12.-.03" 0.93 2.54 3.416 (7) 157
C4—H4. . .Cg2"™ 0.93 291 3.827 (4) 172

Symmetry codes: (i) —x+1, —y+1, —z; (ii) —x, —y +1, —z; (iii)) —x, =y, —z; (iv)
—x+1, -y, —zz(V)x—1,y,zs (Vi) x+1,y,z; (vii) x — 1, y, z — 1; (viii) x, y, z + 1.

above the O1/02/C1 plane of the carboxylate group. The O—
Mn—O and O—Mn—N bond angles deviate slightly from the
ideal value of 90°. The dihedral angle between the carboxylate
group (O1/02/C1) and the adjacent benzene (C2-C7) ring is
24.4 (3)°, while the benzene ring and the pyridine (N2/C8-
C12) ring are oriented at a dihedral angle of 86.63 (11)°.

3. Supramolecular features

In the crystal, intermolecular N—H,,- - -O,, (na = nicotina-
mide), N—H,,---O, (¢ = carboxylate group) and O—
H,--O,, (w = water) hydrogen bonds (Table 1) link the
molecules, forming a layer parallel to the ab plane (Fig. 2). In
the layer, R3(8) and R3(8) ring motifs are observed. The layers
are further linked via weak C—H---O hydrogen bonds, a
weak C—H- - -7 interaction (Table 1) and a m—m interaction
between the benzene rings [Cgl---Cgl™ = 3.868 (2) A,
symmetry code: (ix) 1 — x, —y, 1 — z, where Cgl is the centroid
of the C2-C7 ring].

4. Synthesis and crystallization

The title compound was prepared by the reaction of
MnSO,-H,O (0.85 g, 25 mmol) in H,O (25 ml) and nicotina-

Figure 2

A packing diagram of the title compound, viewed down the ¢ axis.
Intermolecular O—H- - -O and N—H- - -O hydrogen bonds are shown as
dashed lines.
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Table 2
Experimental details.

Crystal data
Chemical formula

M,

Crystal system, space group
Temperature (K)

a, b, c (A)

o, B,y (%)

V (A%)

V4

Radiation type

@ (mm~")

Crystal size (mm)

Data collection
Diffractometer
Absorption correction

Tinins Tinax

No. of measured, independent and
observed [I > 20([)] reflections

Rim

(sin O/A)max (A7)

Refinement

R[F? > 20(F?%)], wR(F?), §
No. of reflections

No. of parameters

No. of restraints

H-atom treatment

APrmaxs Apmin (€ A7)

Computer programs: APEX2 and SAINT (Bruker, 2012), SHELXS97 and SHELXL97
(Sheldrick, 2008), ORTEP-3 for Windows and WinGX (Farrugia, 2012) and PLATON

(Spek, 2009).

[Mn(C;H4NO,),(CsHgN,0)o-
(H,0),]

667.45

Triclinic, PT

296

7.6051 (3), 10.0027 (4), 102152 (4)

78.067 (3), 88.430 (4), 71.746 (3)

721.45 (5)

1

Mo Ka

0.53

0.45 x 0.35 x 0.32

Bruker SMART BREEZE CCD

Multi-scan (SADABS; Bruker,
2012)

0.765, 0.815

17255, 3595, 3475

0.027
0.669

0.058, 0.178, 1.17

3595

217

4

H atoms treated by a mixture of
independent and constrained
refinement

1.00, —0.50

mide (1.22 g, 10 mmol) in H,O (25 ml) with sodium 4-nitro-
benzoate (1.90 g, 10 mmol) in H,O (150 ml). The mixture was
filtered and set aside to crystallize at ambient temperature for
one week, giving colourless single crystals.

5. Refinement

The experimental details including the crystal data, data
collection and refinement are summarized in Table 2. Atoms

H61 and H62 of the water molecule and atoms H3A and H3B
of the NH, group were located in a difference Fourier map,
and their coordinates were refined with distance restraints of
O—H =085 (2) A and N—H = 0.86 (2) A, and with U;,,(H) =
1.5U.4(ON). The C-bound H atoms were positioned geome-
trically with C—H = 0.93 A and were constrained to ride on
their parent atoms with Ujo(H) = 1.2U4(C).
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Crystal structure of trans-diaquabis(nicotinamide-lcN‘)bis(4-nitr0benzoat0-

xO)manganese(ll)
Giilcin Sefiye Askin, Hacali Necefoglu, Ali Murat Tonbul, Nefise Dilek and Tuncer Hokelek

Computing details

Data collection: APEX2 (Bruker, 2012); cell refinement: SA/NT (Bruker, 2012); data reduction: SA/NT (Bruker, 2012);
program(s) used to solve structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine structure: SHELXL97
(Sheldrick, 2008); molecular graphics: ORTEP-3 for Windows (Farrugia, 2012); software used to prepare material for
publication: WinGX (Farrugia, 2012) and PLATON (Spek, 2009).

trans-Diaquabis(nicotinamide-xN")bis(4-nitrobenzoato-xO)manganese(ll)

Crystal data

[Mn(C7H4NO4)»(CsHeN,O)o(H20)s] Z=1

M,=667.45 F(000) =343

Triclinic, P1 Dy=1.536 Mg m™®

Hall symbol: -P 1 Mo Ka radiation, = 0.71073 A
a=17.6051(3) A Cell parameters from 9891 reflections
b=10.0027 (4) A 0=22-28.4°

c=102152 (4 A 4 =0.53 mm™!

o =178.067 (3)° T=296 K

£ =288.430 (4)° Prism, colourless

y=71.746 (3)° 0.45 x 0.35 x 0.32 mm

V=1721.45(5) A3

Data collection

Bruker SMART BREEZE CCD 17255 measured reflections
diffractometer 3595 independent reflections
Radiation source: fine-focus sealed tube 3475 reflections with /> 20([)
Graphite monochromator Ry =0.027
¢ and w scans Ornax = 28.4°, O = 2.0°
Absorption correction: multi-scan h=-10—9
(SADABS; Bruker, 2012) k=-12—13
Tinin = 0.765, Thax = 0.815 [=-13—13
Refinement
Refinement on F? Primary atom site location: structure-invariant
Least-squares matrix: full direct methods
R[F?>20(F?)] = 0.058 Secondary atom site location: difference Fourier
WR(F?)=0.178 map
S=1.17 Hydrogen site location: inferred from

3595 reflections
217 parameters
4 restraints

neighbouring sites
H atoms treated by a mixture of independent
and constrained refinement

Acta Cryst. (2016). E72, 656-658
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w = 1/[c*(F,?) + (0.0908P)* + 0.7889P]
where P = (F,> + 2F2)/3
(A/0)max < 0.001

Apras = 1.00 ¢ A3
Apmin =-0.50¢ A%

Special details

Geometry. All esds (except the esd in the dihedral angle between two 1.s. planes) are estimated using the full covariance
matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles;
correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate
(isotropic) treatment of cell esds is used for estimating esds involving L.s. planes.

Refinement. Refinement of F? against ALL reflections. The weighted R-factor wR and goodness of fit S are based on F?,
conventional R-factors R are based on F, with F set to zero for negative F2. The threshold expression of F > 2sigma(F?) is
used only for calculating R-factors(gt) etc. and is not relevant to the choice of reflections for refinement. R-factors based
on F? are statistically about twice as large as those based on F, and R- factors based on ALL data will be even larger.

Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (42)

x % z Uiso™ Ueq
Mnl 0.0000 0.0000 0.0000 0.02437 (17)
o1 ~0.1121 (4) 0.1452 (4) 0.2673 (3) 0.0638 (7)
02 0.1322 (3) 0.0165 (3) 0.1728 (2) 0.0479 (5)
03 0.4619 (6) 0.2860 (8) 0.6872 (5) 0.147 (3)
04 0.6545 (6) 0.2824 (7) 0.5355 (5) 0.124 (2)
05 0.4269 (4) 0.3417 (3) ~0.0003 (3) 0.0598 (7)
06 02722 (3) ~0.0746 (3) ~0.0769 (3) 0.0506 (6)
H61 0.227 (7) ~0.084 (6) ~0.154 (3) 0.076*
H62 0377 (4) ~0.135 (4) ~0.034 (5) 0.076*
N1 0.5113 (5) 0.2645 (5) 0.5801 (4) 0.0736 (11)
N2 ~0.0042 (4) 0.2124 (3) ~0.0942 (3) 0.0427 (6)
N3 03202 (5) 0.5611 (4) ~0.1340 (4) 0.0645 (9)
H3A 0.424 (5) 0.579 (6) ~0.113 (6) 0.097*
H3B 0.227 (6) 0.623 (5) ~0.189 (5) 0.097*
Cl 0.0585 (4) 0.0898 (3) 0.2563 (3) 0.0409 (6)
2 0.1853 (4) 0.1239 (3) 03472 (3) 0.0406 (6)
C3 0.1181 (5) 0.1682 (5) 0.4643 (4) 0.0533 (8)
H3 —0.0002 0.1685 0.4902 0.064*
C4 0.2265 (5) 02118 (5) 0.5428 (4) 0.0605 (10)
H4 0.1835 0.2402 0.6220 0.073*
Cs 0.3994 (5) 02121 (4) 0.5000 (4) 0.0516 (8)
C6 0.4712 (5) 0.1680 (4) 0.3862 (3) 0.0489 (7)
H6 0.5888 0.1696 0.3601 0.059%*
c7 03619 (5) 0.1205 (4) 03104 (3) 0.0455 (7)
H7 0.4088 0.0863 0.2344 0.055*
c8 0.1370 (4) 0.2581 (3) ~0.0689 (3) 0.0417 (6)
H8 0.2343 0.1949 -0.0119 0.050%*
9 0.1454 (4) 03939 (3) ~0.1231 (3) 0.0428 (6)
C10 ~0.0002 (6) 0.4870 (4) ~0.2088 (4) 0.0617 (10)
H10 0.0003 0.5796 —0.2475 0.074%*
Cl1 ~0.1449 (6) 0.4407 (4) ~0.2358 (5) 0.0666 (11)
H11 —0.2433 0.5015 —0.2932 0.080%*
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C12 —0.1424 (5) 0.3030 (4) —0.1765 (4) 0.0501 (7)
HI12 —0.2409 0.2724 —0.1948 0.060*
C13 0.3087 (5) 0.4309 (3) —0.0821 (4) 0.0464 (7)
Atomic displacement parameters (42)

Ull []22 IJ33 UIZ UI3 (]23
Mnl 0.0212 (3) 0.0226 (3) 0.0332 (3) —0.01052 (18) —0.00068 (17) —0.00816 (18)
01 0.0382 (12) 0.091 (2) 0.0654 (16) —0.0140 (13) —0.0016 (11) —0.0323 (15)
02 0.0433 (12) 0.0484 (12) 0.0548 (13) —0.0132 (9) —0.0050 (9) —0.0175 (10)
03 0.081 (3) 0.287 (7) 0.131 (4) —0.070 (4) 0.026 (3) —0.155 (5)
04 0.087 (3) 0.220 (6) 0.126 (4) —0.093 (3) 0.027 (3) —0.102 (4)
05 0.0565 (15) 0.0446 (12) 0.0814 (18) —0.0224 (11) —0.0182 (13) —0.0067 (12)
06 0.0376 (11) 0.0527 (13) 0.0614 (14) —0.0119 (10) 0.0006 (10) —0.0152 (11)
N1 0.0497 (18) 0.104 (3) 0.079 (2) —0.0200 (19) —0.0025 (16) —-0.052 (2)
N2 0.0390 (12) 0.0402 (12) 0.0517 (14) —0.0156 (10) —0.0025 (10) —0.0104 (11)
N3 0.067 (2) 0.0450 (16) 0.087 (2) —0.0305 (15) —0.0144 (18) —0.0052 (15)
Cl 0.0398 (14) 0.0415 (14) 0.0414 (14) —0.0142 (12) —0.0017 (11) —0.0062 (11)
C2 0.0383 (14) 0.0410 (14) 0.0411 (14) —0.0117 (11) —0.0015 (11) —0.0066 (11)
C3 0.0396 (15) 0.074 (2) 0.0493 (17) —0.0174 (15) 0.0056 (13) —0.0201 (16)
C4 0.0453 (18) 0.092 (3) 0.0505 (18) —0.0181 (18) 0.0062 (14) —0.0341 (19)
C5 0.0430 (16) 0.061 (2) 0.0534 (18) —0.0133 (14) —0.0036 (13) —0.0231 (15)
C6 0.0385 (15) 0.0613 (19) 0.0509 (17) —0.0173 (14) 0.0034 (13) —0.0179 (15)
C7 0.0420 (15) 0.0530 (17) 0.0441 (15) —0.0149 (13) 0.0043 (12) —-0.0162 (13)
C8 0.0394 (14) 0.0385 (14) 0.0499 (16) —0.0154 (11) —0.0037 (12) —0.0091 (12)
C9 0.0440 (15) 0.0358 (13) 0.0514 (16) —0.0144 (12) 0.0007 (12) —0.0124 (12)
C10 0.065 (2) 0.0387 (16) 0.078 (3) —0.0181 (16) —0.0145 (19) 0.0012 (16)
Cl1 0.057 (2) 0.0495 (19) 0.085 (3) —0.0138 (16) —-0.027 (2) 0.0046 (18)
C12 0.0424 (16) 0.0481 (17) 0.0606 (19) —0.0155 (13) —0.0095 (14) —0.0097 (14)
C13 0.0467 (16) 0.0386 (14) 0.0586 (18) —0.0171 (12) 0.0001 (13) —0.0144 (13)
Geometric parameters (A, ©)
Mn1—02 2.115 (2) Cc2—C7 1.377 (4)
Mn1—02! 2.115 (2) C3—C4 1.385 (5)
Mnl1—O6 2.156 (2) C3—H3 0.9300
Mn1—O6! 2.156 (2) C4—H4 0.9300
Mn1—N2 2.134 (3) C5—NI1 1.471 (5)
Mn1—N2! 2.134 (3) C5—C4 1.375 (5)
01—C1 1.253 (4) C6—C5 1.368 (5)
02—C1 1.248 (4) Co—C7 1.397 (5)
03—NI1 1.187 (5) C6—Ho6 0.9300
04—NI1 1.219 (5) C7—H7 0.9300
05—C13 1.238 (4) C8—C9 1.377 (4)
06—H61 0.903 (19) C8—HS8 0.9300
06—H62 0.892 (19) C9—C10 1.389 (5)
N2—C8 1.342 (4) C9—Cl13 1.495 (4)
N2—Cl12 1.330 (4) C10—C11 1.375 (6)
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N3—Cl13
N3—H3A
N3—H3B
C2—Cl1
C2—C3

02—Mn1—02
02—Mn1—06
02—Mn1—06
02—Mn1—O06
02—Mnl1—O06!
02—Mnl1—N2
02—Mn1—N2
02—Mn1—N2i
02—Mn1—N2!
06—Mn1—O06'
N2—Mn1—06
N2i—Mn1—06
N2—Mn1—O6!
N2i—Mn1—O6'
N2—Mn1—N2
C1—02—Mnl
Mnl—0O6—H61
Mnl—0O6—H62
H61—06—H62
0O3—N1—04
O3—N1—C5
0O4—N1—C5
C8—N2—Mnl
C12—N2—Mnl
C12—N2—C8
C13—N3—H3A
C13—N3—H3B
H3A—N3—H3B
01—Cl1—C2
02—C1—01
02—C1—C2
C3—C2—Cl1
C7—C2—Cl1
C7—C2—C3

06—Mn1—02—Cl1
06—Mn1—02—C]1
N2—Mn1—02—C1
N2i—Mn1—02—Cl1
02—Mnl1—N2—C8
02—Mn1—N2—C8
02—Mnl1—N2—CI12

1.330 (4)
0.90 (2)
0.90 (2)
1.515 (4)
1.390 (4)

180.00 (7)
87.19 (10)
92.81 (10)
92.81 (10)
87.19 (10)
89.98 (10)
90.02 (10)
90.02 (10)
89.98 (10)
180.00 (13)
87.00 (10)
93.00 (10)
93.00 (10)
87.00 (10)
180.00 (7)
126.2 (2)
93 (3)

129 (3)
124 (5)
121.7 (4)
119.3 (4)
119.0 (4)
119.1 (2)
122.8 (2)
118.1 (3)
117 (4)
118 (4)
125 (5)
116.4 (3)
126.0 (3)
117.5 (3)
119.5 (3)
120.5 (3)
119.9 (3)

160.3 (3)
~19.7 (3)
73.3 (3)
~106.7 (3)
34.5(2)
~145.5 (2)
~144.8 (3)

C10—HI10
Cl11—H11
C12—C11
Cl12—HI12

C2—C3—H3
C4—C3—C2
C4—C3—H3
C3—C4—H4
C5—C4—C3
C5—C4—H4
C4—C5—NI1
C6—C5—NI1
C6—C5—C4
C5—C6—C7
C5—C6—H6
C7T—C6—H6
C2—C7—C6
C2—C7—H7
C6—C7—H7
N2—C8—C9
N2—C8—H8
C9—C8—HS
C8—C9—C10
C8—C9—C13
C10—C9—C13
C9—C10—H10
C11—C10—C9
C11—C10—HI10
C10—C11—C12
C10—C11—HI11
Cl12—C11—H11
N2—C12—Cl11
N2—CI12—H12
Cl11—C12—H12
05—CI13—N3
05—CI13—C9
N3—C13—C9

C7—C2—C3—C4
Cl—C2—C7—C6
C3—C2—C7—C6
C2—C3—C4—C5

C4—C5—N1—-03
C4—C5—N1—04

C6—C5—N1—03

0.9300
0.9300
1.380 (5)
0.9300

119.8
120.3 (3)
119.8
121.0
118.1 (3)
121.0
118.1 (3)
118.5 (3)
123.4 (3)
117.7 (3)
121.1
121.1
120.6 (3)
119.7
119.7
123.4 (3)
1183
1183
117.7 (3)
117.2 (3)
125.1 3)
120.4
119.3 (3)
120.4
119.1 (3)
120.4
120.4
122.4 (3)
118.8
118.8
122.0 (3)
119.8 (3)
118.2 (3)

1.4 (6)
172.5 (3)
-32(5)
1.0 (6)
10.2 (8)
~171.0 (5)
~170.6 (6)
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02—Mnl—N2—C12 352 (3) C6—C5—N1—04 8.1(7)
06—Mnl—N2—C8 -52.7(2) N1—C5—C4—C3 177.4 (4)
06—Mnl—N2—C8 127.3 (2) C6—C5—C4—C3 ~1.8(7)
06—Mnl—N2—ClI2 128.0 (3) C7—C6—C5—NI1 ~179.1 (4)
06—Mnl—N2—C12 -52.0 (3) C7—C6—C5—C4 0.0 (6)
Mnl—02—C1—O1 14.1 (5) C5—C6—C7—C2 2.5(5)
Mnl—02—C1—C2 ~161.6 (2) N2—C8—C9—C10 —0.4 (5)
Mnl1—N2—C8—C9 —178.9 (2) N2—C8—C9—Cl13 178.0 (3)
C12—N2—C8—C9 0.4 (5 C8—C9—C10—Cl11 0.1 (6)
Mnl—N2—C12—Cl1 179.2 (3) C13—C9—C10—Cl1 ~178.3 (4)
C8—N2—Cl12—ClI —0.1(6) C8—C9—C13—05 -1.5(5)
C3—C2—C1—O0l 22.0(5) C8—C9—C13—N3 179.5 (3)
C3—C2—C1—02 -161.8 (3) C10—C9—C13—05 176.8 (4)
C7—C2—C1—O0l —153.7(3) C10—C9—CI13—N3 —2.2(6)
C7—C2—C1—02 22.4 (4) C9—C10—C11—C12 0.3 (7)
Cl—C2—C3—C4 ~174.4 (4) N2—C12—C11—C10 ~0.3(7)
Symmetry code: (i) —x, —y, —z.

Hydrogen-bond geometry (4, °)

Cg?2 is the centroid of the N2/C8-C12 ring.

D—H-4 D—H H---A4 DA D—H:-4
N3—H34--051 0.90 (5) 2.07 (6) 2.898 (6) 152 (4)
N3—H3B---0O1fi 0.90 (4) 2.19 (5) 2.923 (4) 138 (4)
06—H61--01 0.90 (4) 1.78 (5) 2.646 (5) 161 (4)
06—H62--05V 0.89 (3) 2.10 (4) 2.897 (3) 148 (4)
C3—H3--04Y 0.93 2.59 3.456 (6) 156
C6—H6-01v 0.93 2.40 3.319 (4) 170
CI12—H12--03vi 0.93 2.54 3.416 (7) 157
C4—H4---Cg2ti 0.93 2.91 3.827 (4) 172

Symmetry codes: (i) —x, =y, —z; (ii) —x+1, —y+1, —z; (iil) —x, —y+1, —z; (iv) —x+1, =y, —z; (v) x—1, y, z; (Vi) x+1, y, z; (vii) x—1, y, z—1; (viii) x, y, z+1.
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metal complexes; beTiggiBgeid; nicotiNgiRe, benzoate (TBB) ligand and one nicotinamide (NA) ligand; the Co atom lies
on an inversion centre. All ligands coordinating to the Co atom are
monodentate. The four nearest O atoms around the Co atom form a slightly
distorted square-planar arrangement, with the distorted octahedral coordination
completed by the two pyridine N atoms of the NA ligands at distances of
2.1638 (11) A. The coordinating water molecules are hydrogen bonded to the
carboxyl O atoms [O --- O = 2.6230 (17) A], enclosing an S(6) hydrogen-
bonding motif, while intermolecular O—H- - -O hydrogen bonds link two of the
non-coordinating water molecules to the coordinating water molecules and NA
anions. The dihedral angle between the planar carboxylate group and the
adjacent benzene ring is 29.09 (10)°, while the benzene and pyridine rings are
oriented at a dihedral angle of 88.53 (4)°. In the crystal, O—H---O and N—
H.--O hydrogen bonds link the molecules, enclosing R3(8), R3(10) and R3(12)
ring motifs, forming layers parallel to (001). The C and H atoms of the tert-butyl
group of the TBB ligand are disordered over two sets of sites with an occupancy
ratio of 0.631 (5):0.369 (5).

CCDC reference: 1482507
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1. Chemical context

Nicotinamide (NA) is one form of niacin. A deficiency of this
vitamin leads to loss of copper from the body: a condition
known as pellagra disease. Victims of pellagra show unusually
high serum and urinary copper levels (Krishnamachari, 1974).
The NA ring is the reactive part of nicotinamide adenine
dinucleotide (NAD) and its phosphate (NADP), which are the
major electron carriers in many biological oxidation-reduction
reactions (You et al., 1978). The nicotinic acid derivative N,N-
diethylnicotinamide (DENA) is an important respiratory
stimulant (Bigoli et al, 1972). The structures of some
complexes obtained from the reactions of transition metal(II)
ions with NA as ligand, e.g. [Ni(NA),(C;H,ClO,),(H,0),]
[(IT); Hokelek et al, 2009], [Zn(NA),(C;H4NO,),], [(I11);
Askin et al., 2015a] and [Co(NA),(CsH4NO,),(H,0),] [(IV);
Askin et al., 2015b], have been determined previously. In all
complexes, the NA and benzoate ligands coordinate the
transition metal(Il) ions as monodentate ligands.
Transition metal complexes with biochemical molecules
show interesting physical and/or chemical properties, through
which they may find applications in biological systems
OPEN @ ACCESS (Antolini et al., 1982). Some benzoic acid derivatives, such as
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4-aminobenzoic acid, have been extensively reported in
coordination chemistry, as bifunctional organic ligands, due to
the varieties of their coordination modes (Chen & Chen, 2002;
Amiraslanov et al., 1979; Hauptmann et al., 2000).

The structure—function—coordination relationships of the
arylcarboxylate ion in Co" complexes of benzoic acid deriv-
atives may change depending on the nature and position of the
substituent groups on the benzene ring, the nature of the
additional ligand molecule or solvent, and the pH and
temperature of synthesis (Shnulin et al., 1981; Nadzhafov et al.,
1981; Antsyshkina et al., 1980; Adiwidjaja et al., 1978). When
pyridine and its derivatives are used instead of water mol-
ecules, the structure is completely different (Catterick et al.,
1974). In this context, we synthesized a Co"-containing
compound with 4-tert-butylbenzoate (TBB) and NA ligands,
namely diaquabis(4-fert-butylbenzoato-kO)bis(nicotinamide-
kN")cobalt(II) dihydrate, [Co(C;1H;30,)>(CsHsN,O),

— O
74
(I~
0 N NH» - (H,0),
et
X \
O

2. Structural commentary

The asymmetric unit of the crystal structure of the mono-
nuclear title complex contains one 4-fert-butylbenzoate (TBB)
and one nicotinamide (NA) ligand together with one coordi-
nating and one non-coordinating water molecule, all ligands
coordinating in a monodentate manner (Fig. 1).

In the title complex, the two carboxylate O atoms (O2 and
02') of the two symmetry-related monodentate TBB anions
and the two symmetry-related coordinating water O atoms
(O4 and 04') around the Col (site symmetry 1) atom form a
slightly distorted square-planar arrangement, while the
slightly distorted octahedral coordination sphere is completed
by the two pyridine N atoms (N1 and N1') of the two
symmetry-related monodentate NA ligands in the axial posi-
tions [symmetry code: (i) —x, —y, —z] (Fig. 1).

The near equalities of the C1 —0O1 [1.2526 (17) A] and C1—
02 [1.2702 (16) A] bonds in the carboxylate groups indicate
delocalized bonding arrangements, rather than localized single
and double bonds. The Co—O bond lengths are 2.1104 (11) A
(for water oxygens) and 2.1252 (9) A (for benzoate oxygens)
and the Co—N bond length is 2.1638 (11) A, close to standard
values. The Col—02—C1—C2 torsion angle [—163.00 (9)°]
causes a slight downward tilt of the ligand.

The dihedral angle between the planar carboxylate group
(01/02/C1) and the adjacent benzene (C2-C7) ring is

Table 1 .

Hydrogen-bond geometry (A, °).

D—H---A D—H H---A D---A D—H---A
N2—H21.--01! 0.82 (2) 215 (2) 2.935 (2) 159 (2)
N2—H22.--03" 0.85 (2) 207 (2) 2.907 (2) 166 (2)
O4—H41.. .01 0.87 (3) 1.79 (3) 2.6230 (17) 160 (3)
O4—H42. .05 0.84 (2) 2.01(2) 2.852 (2) 176.4 (19)
O5—H51---03 0.82 (3) 2.14 (3) 2.942 (2) 164 (3)
O5—H52.--02% 087 (3) 2.17 3) 3.0331 (19) 175 (3)

Symmetry codes: (i) —x, —y+1,—z; (ii)) —x+1,—y+1, —z; (iii) —x, —y, —z; (iv)
—x+1, -y, -z

29.09 (10)°, while the benzene and pyridine (N1/C9-C13)
rings are oriented at a dihedral angle of 88.53 (4)°.

Intramolecular O—H,,- - -O, (w = water, ¢ = carboxylate)
hydrogen bonds (Table 1) link the coordinating water mol-
ecules to the TBB anions, enclosing S(6) hydrogen-bonding
motifs, while intermolecular O—H,,- - -O,, and O—H,: - -O,,
(na = nicotinamide) hydrogen bonds link two of the non-
coordinating water molecules to the coordinating water mol-
ecules and NA anions (Fig. 1).

3. Supramolecular features

In the crystal, O—H,,---O,, N—H,,;- - -O, and N—H,,- - -Oy,
hydrogen bonds (Table 1) link the molecules, enclosing R3(8),
R3(10) and Rj(12) ring motifs (Fig. 2), forming layers parallel
to (001) (Fig. 3).

4. Synthesis and crystallization

The title compound was prepared by the reaction of
CoS0O,4-7H,0 (1.41 g, 5 mmol) in water (75 ml) and nicotina-
mide (1.22 g, 10 mmol) in water (25 ml) with sodium 4-tert-
butylbenzoate (2.00 g, 10 mmol) in water (250 ml). The

22 Cisb
%}gx C15a
. Ci7agy WO o7
Cl6b
8 N\ \\%\O

C16a
C5 (;?Q

ca

Figure 1

The molecular structure of the title complex with the atom-numbering
scheme. Displacement ellipsoids are drawn at the 40% probability level.
Intra- and intermolecular O—H---O hydrogen bonds are shown as
dashed lines.

Acta Cryst. (2016). E72, 888—891
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Figure 2

A partial view of the crystal packing of the title compound. Inter-
molecular O—H,,: - -O,, O—H, - -:Ona, O—H,,- - -O,, N—Hya - - ‘O, and
N—Hna- - ‘Ona (W = water, ¢ = carboxylate and NA = nicotinamide)
hydrogen bonds, enclosing R3(8), R3(10) and Rj(12) ring motifs, are
shown as dashed lines (see Table 1). For clarity, only the major disorder
component and H atoms involved in hydrogen bonding are shown.

mixture was filtered and set aside to crystallize at ambient
temperature for five days, giving pink single crystals.

5. Refinement

Experimental details including the crystal data, data collection
and refinement are summarized in Table 2. Atoms H21 and
H22 (for NH,), H41, H42, H51 and HS2 (for H,O) were
located in a difference Fourier map and were refined freely.

Figure 3

Part of the crystal structure viewed down [100]. Intra- and intermolecular
O—H---Oand N—H- - -O hydrogen bonds are shown as dashed lines. For
clarity, only the major disorder component and H atoms involved in
hydrogen bonding are shown.

Table 2
Experimental details.

Crystal data
Chemical formula

M,

Crystal system, space group
Temperature (K)

a, b, c (A)

o B,y (%)

V (A%)

zZ

Radiation type

p (mm~")

Crystal size (mm)

Data collection
Diffractometer
Absorption correction

[Co(C11H,30,),(CsHeN,O)-
(H,0),]-2H,0

729.69

Triclinic, P1

296

7.9608 (5), 10.0679 (6), 12.3007 (7)

72.087 (2), 74.841 (3), 78.660 (3)

898.17 (9)

1

Mo Ka

0.54

0.45 x 0.34 x 0.28

Bruker SMART BREEZE CCD
Multi-scan (SADABS; Bruker,

2012)
0.80, 0.86
19515, 4491, 4226

Tinins Tinax
No. of measured, independent and
observed [I > 20([)] reflections

Rint 0.024

(sin /A ) max (A7) 0.669
Refinement

R[F* > 20(F?%)], wR(F?), S 0.036, 0.101, 1.04
No. of reflections 4491

No. of parameters 276

No. of restraints 156

H-atom treatment H atoms treated by a mixture of

independent and constrained
refinement

APmaxs APmin (€ A7) 0.57, —0.20

Computer programs: APEX2 and SAINT (Bruker, 2012), SHELXS97 (Sheldrick, 2008),
SHELXL2014 (Sheldrick, 2015), ORTEP-3 for Windows and WinGX (Farrugia, 2012)
and PLATON (Spek, 2009).

The C-bound H atoms were positioned geometrically, with
C—H = 0.93 and 0.96 A for aromatic and methyl H atoms,
respectively, and constrained to ride on their parent atoms,
with Ujso(H) = k x Ucy(C), where k = 1.5 for methyl H atoms
and k = 1.2 for aromatic H atoms. During the refinement
process the disordered ¢-butyl group atoms were refined with
major:minor occupancy ratios of 0.631 (5):0.369 (5).
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Crystal structure of diaquabis(4-tert-butylbenzoato-xO)bis(nicotinamide-
xN")cobalt(ll) dihydrate

Giilgin Sefiye Askin, Hacali Necefoglu, Safiye Ozkaya, Raziye Catak Celik and Tuncer Hikelek

Computing details

Data collection: APEX2 (Bruker, 2012); cell refinement: SA/NT (Bruker, 2012); data reduction: SA/NT (Bruker, 2012);
program(s) used to solve structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine structure: SHELXL2014
(Sheldrick, 2015); molecular graphics: ORTEP-3 for Windows (Farrugia, 2012); software used to prepare material for
publication: WinGX (Farrugia, 2012) and PLATON (Spek, 2009).

Diaquabis(4-tert-butylbenzoato-xO)bis(nicotinamide-xN")cobalt(ll) dihydrate

Crystal data

[Co(C11H130,)2(CsHeN,0),(H,0),]-2H,0 Z=1

M, =1729.69 F(000) =385
Triclinic, P1 Dy=1.349 Mg m™®

a=17.9608 (5) A
b=10.0679 (6) A
¢ =12.3007 (7) A
a="72.087 (2)°
B=74.841 (3)°
y=78.660 (3)°
V'=898.17 (9) A®

Data collection

Bruker SMART BREEZE CCD
diffractometer

@ and w scans

Absorption correction: multi-scan
(SADABS; Bruker, 2012)

Tnin = 0.80, Trax = 0.86

19515 measured reflections

Refinement

Refinement on F?
Least-squares matrix: full
R[F*>20(F?*)]=0.036
WwR(F?)=0.101

S=1.04

4491 reflections

276 parameters

156 restraints

Mo Ko radiation, A =0.71073 A

Cell parameters from 9878 reflections
0=2.4-28.4°

4 =0.54 mm™!

T=296K

Prism, pink

0.45 x 0.34 x 0.28 mm

4491 independent reflections
4226 reflections with 1> 2a(1)
Rin=10.024

Omax = 28.4°, Opin = 1.8°
h=-10—10

k=-13—13

[=-16—16

Hydrogen site location: mixed

H atoms treated by a mixture of independent
and constrained refinement

w=1/[c*(F*) *+ (0.0645P)* + 0.2513P]
where P = (F,> + 2F2)/3

(A/)max < 0.001

Apmx=0.57 ¢ A7

Apuin=—0.20 ¢ A3
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Special details

Geometry. All esds (except the esd in the dihedral angle between two 1.s. planes) are estimated using the full covariance
matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles;
correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate

(isotropic) treatment of cell esds is used for estimating esds involving 1.s. planes.
Refinement. Refined as a 2-component inversion twin.

Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (4°)

x y z Uio™/Ueq Occ. (<1)
Col 0.0000 0.0000 0.0000 0.02676 (9)
ol ~0.15897 (14) 0.14320 (12) 0.21665 (11) 0.0417 (3)
02 0.08538 (13) 0.01768 (10) 0.14429 (9) 0.0325 (2)
03 0.43372 (17) 0.35986 (12) ~0.03048 (13) 0.0529 (3)
04 0.26754 (14) ~0.04949 (12) ~0.07344 (10) 0.0366 (2)
H41 0.256 (4) ~0.078 (3) ~0.131 (2) 0.074 (8)*
H42 0.350 (3) ~0.001 (2) ~0.0935 (19) 0.054 (6)*
05 0.54025 (18) 0.12406 (16) ~0.13794 (15) 0.0559 (3)
H51 0.523 (4) 0.181 (3) ~0.100 (2) 0.071 (8)*
H52 0.645 (4) 0.079 (3) ~0.140 (2) 0.072 (7)*
N1 0.01589 (15) 0.22272 (12) ~0.07666 (10) 0.0299 (2)
N2 0.3410 (2) 0.58855 (14) ~0.10004 (14) 0.0436 (3)
H21 0.269 (3) 0.651 (2) ~0.1300 (18) 0.045 (5)*
H22 0.419 (3) 0.607 (2) ~0.0731 (18) 0.050 (5)*
1 ~0.00106 (18) 0.09283 (13) 0.21156 (12) 0.0303 (3)
C2 0.09212 (18) 0.12971 (14) 0.28796 (12) 0.0303 (3)
C3 ~0.0038 (2) 0.16117 (19) 0.39080 (14) 0.0413 (3)
H3 —0.1233 0.1536 0.4137 0.050%*
C4 0.0758 (2) 0.2035 (2) 0.45931 (14) 0.0440 (4)
H4 0.0090 0.2227 0.5283 0.053*
Cs 0.2529 (2) 0.21823 (16) 0.42790 (13) 0.0354 (3)
C6 0.3480 (2) 0.18731 (19) 032456 (14) 0.0420 (3)
H6 0.4670 0.1966 0.3010 0.050%*
c7 0.2693 (2) 0.14291 (18) 0.25570 (14) 0.0388 (3)
H7 0.3362 0.1219 0.1874 0.047*
c8 0.3378 (3) 0.2695 (2) 0.50365 (16) 0.0508 (4)
9 0.14714 (17) 0.27411 (13) ~0.06047 (12) 0.0293 (3)
HO9 0.2224 0.2129 —0.0154 0.035*
C10 0.17772 (17) 0.41344 (13) ~0.10698 (12) 0.0295 (3)
Cl1 0.0657 (2) 0.50459 (15) ~0.17403 (14) 0.0401 (3)
Hl1l1 0.0817 0.5989 —0.2066 0.048*
C12 ~0.0706 (2) 0.45268 (17) ~0.19165 (16) 0.0450 (4)
HI12 —0.1478 0.5117 —0.2363 0.054*
C13 ~0.09077 (19) 031202 (16) ~0.14208 (14) 0.0369 (3)
HI13 —0.1824 0.2780 —0.1548 0.044*
Cl4 0.32848 (19) 0.45316 (15) ~0.07695 (13) 0.0340 (3)
C15A 0.5284 (5) 0.2569 (7) 0.4716 (4) 0.0837 (17) 0.631 (5)
HISA 0.5709 0.2910 0.5229 0.126* 0.631 (5)
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HI5B 0.5752 0.1600 0.4785 0.126* 0.631 (5)
H15C 0.5648 0.3115 0.3924 0.126* 0.631 (5)
Cl16A 0.2846 (6) 0.1834 (5) 0.6339 (3) 0.0748 (12) 0.631 (5)
HI16A 0.1591 0.1899 0.6574 0.112* 0.631 (5)
H16B 0.3333 0.0867 0.6420 0.112% 0.631 (5)
H16C 0.3288 0.2208 0.6825 0.112% 0.631 (5)
C17A 0.2534 (7) 0.4241 (4) 0.5014 (5) 0.0908 (16) 0.631 (5)
HI7A 0.1279 0.4279 0.5229 0.136* 0.631 (5)
H17B 0.2935 0.4546 0.5558 0.136* 0.631 (5)
H17C 0.2869 0.4845 0.4240 0.136* 0.631 (5)
CI5B 0.4753 (14) 0.3681 (10) 0.4200 (7) 0.091 (3) 0.369 (5)
HI15D 0.5405 0.3276 0.3578 0.137* 0.369 (5)
HISE 0.4156 0.4587 0.3877 0.137* 0.369 (5)
HI5F 0.5542 0.3784 0.4632 0.137* 0.369 (5)
C16B 0.4717 (11) 0.1305 (9) 0.5576 (7) 0.082 (2) 0.369 (5)
H16D 0.5515 0.0987 0.4946 0.122* 0.369 (5)
HI16E 0.5368 0.1557 0.6023 0.122% 0.369 (5)
HI16F 0.4044 0.0564 0.6073 0.122% 0.369 (5)
C17B 0.2288 (10) 0.3074 (12) 0.5999 (7) 0.090 (3) 0.369 (5)
H17D 0.2967 0.3374 0.6399 0.135% 0.369 (5)
HI7E 0.1412 0.3830 0.5747 0.135% 0.369 (5)
HI17F 0.1729 0.2281 0.6518 0.135% 0.369 (5)

Atomic displacement parameters (42)

Ull []22 U33 UIZ U13 []23
Col 0.02694 (14)  0.02236(13)  0.03728 (15)  —0.00481(9)  —0.01280(10)  —0.01105 (10)
o1 0.0366 (5) 0.0437 (6) 0.0567 (6) 0.0021 (4) ~0.0211 (5) ~0.0259 (5)
02 0.0361 (5) 0.0291 (5) 0.0401 (5) ~0.0013 (4) ~0.0162 (4) ~0.0154 (4)
03 0.0533 (7) 0.0294 (5) 0.0910 (10) ~0.0043 (5) ~0.0420 (7) ~0.0158 (6)
04 0.0302 (5) 0.0389 (5) 0.0487 (6) ~0.0064 (4) ~0.0110 (4) ~0.0197 (5)
05 0.0414 (7) 0.0568 (8) 0.0854 (10) ~0.0030 (6) ~0.0214 (6) ~0.0372 (8)
N1 0.0303 (5) 0.0258 (5) 0.0378 (6) ~0.0059 (4) ~0.0104 (4) ~0.0106 (4)
N2 0.0476 (7) 0.0267 (6) 0.0647 (9) ~0.0104 (5) ~0.0248 (7) ~0.0099 (6)
Cl 0.0350 (6) 0.0248 (6) 0.0360 (6) ~0.0051 (5) ~0.0140 (5) ~0.0089 (5)
2 0.0351 (6) 0.0260 (6) 0.0353 (6) ~0.0028 (5) ~0.0144 (5) ~0.0111 (5)
C3 0.0325 (7) 0.0567 (10) 0.0414 (7) ~0.0098 (6) ~0.0072 (6) ~0.0207 (7)
C4 0.0404 (8) 0.0611 (10) 0.0385 (7) ~0.0075 (7) ~0.0064 (6) ~0.0260 (7)
Cs 0.0401 (7) 0.0365 (7) 0.0369 (7) ~0.0065 (6) ~0.0135 (6) ~0.0147 (6)
C6 0.0333 (7) 0.0573 (10) 0.0456 (8) ~0.0113 (6) ~0.0085 (6) ~0.0248 (7)
C7 0.0359 (7) 0.0482 (8) 0.0405 (7) ~0.0050 (6) ~0.0081 (6) ~0.0241 (6)
cs 0.0584 (10) 0.0606 (11) 0.0498 (9) ~0.0158 (8) ~0.0206 (8) ~0.0256 (8)
C9 0.0306 (6) 0.0234 (6) 0.0379 (6) ~0.0043 (5) ~0.0129 (5) ~0.0087 (5)
C10 0.0327 (6) 0.0237 (6) 0.0358 (6) ~0.0055 (5) ~0.0092 (5) ~0.0109 (5)
Cll 0.0482 (8) 0.0241 (6) 0.0502 (8) ~0.0063 (6) ~0.0196 (7) ~0.0046 (6)
C12 0.0478 (8) 0.0339 (7) 0.0568 (9) ~0.0013 (6) ~0.0302 (7) ~0.0036 (7)
C13 0.0346 (7) 0.0348 (7) 0.0476 (8) ~0.0063 (5) ~0.0178 (6) ~0.0112 (6)
Cl4 0.0348 (7) 0.0276 (6) 0.0445 (7) ~0.0075 (5) ~0.0111 (6) ~0.0126 (5)
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CI5A 0.0529 (18) 0.143 (5) 0.089 (3) —0.029 (2) —0.0157 (17) —0.069 (3)
CIl6A 0.093 (3) 0.098 (3) 0.0494 (16) —0.026 (2) —-0.0322 (17) —-0.0201 (17)
CI17A 0.129 (4) 0.059 (2) 0.123 (4) —0.003 (2) —0.049 (2)
CI15B 0.136 (6) 0.098 (5) 0.075 (4) —0.070 (5) —0.030 (3)
Cl16B 0.084 (4) 0.098 (5) 0.084 (4) —0.007 (3) —0.029 (3)
C17B 0.077 (4) 0.144 (8) 0.087 (4) —0.002 (4) —0.085 (6)
Geometric parameters (A, ©)

Col—02 2.1252 (9) C8—Cl15B 1.566 (8)
Col—02! 2.1252 (9) C8—Cl16B 1.658 (8)
Col—04 2.1104 (11) C8—C17B 1.382 (7)
Col—04 2.1103 (11) C9—H9 0.9300
Col—NI1 2.1638 (11) C10—C9 1.3863 (13)
Col—N1i 2.1638 (11) C10—C11 1.384 (2)
01—Cl1 1.2526 (17) Cl10—Cl14 1.4994 (138)
02—Cl1 1.2702 (16) C14—N2 1.3224 (18)
03—Cl14 1.2335 (19) Cl1—CI12 1.383 (2)
04—H41 0.87 (3) Cl1—HI11 0.9300
04—H42 0.84 (2) CI12—H12 0.9300
0O5—H51 0.81 (3) C13—CI2 1.382 (2)
05—H52 0.86 (3) C13—H13 0.9300
N1—C9 1.3357 (16) CI5A—HI5A 0.9600
N1—C13 1.3375 (18) CI5A—HI15B 0.9600
N2—H21 0.83 (2) CI5A—HI15C 0.9600
N2—H?22 0.85(2) Cl16A—HI16A 0.9600
Cl—C2 1.5028 (17) Cl16A—H16B 0.9600
C2—C3 1.389 (2) Cl16A—H16C 0.9600
c2—C7 1.383 (2) C17A—HI17A 0.9600
C3—C4 1.379 (2) C17A—HI17B 0.9600
C3—H3 0.9300 C17A—H17C 0.9600
C4—H4 0.9300 CI15B—HI15D 0.9600
C5—C4 1.386 (2) CI15B—HI5E 0.9600
C5—C6 1.390 (2) C15B—HI15F 0.9600
C5—C8 1.534 (2) C16B—HI16D 0.9600
C6—C7 1.389 (2) C16B—HI6E 0.9600
C6—H6 0.9300 C16B—HI16F 0.9600
C7—H7 0.9300 C17B—HI17D 0.9600
C8—CI15A 1.455 (4) C17B—HI7E 0.9600
C8—Cl16A 1.560 (4) C17B—HI17F 0.9600
C8—C17A 1.564 (4)

02—Col—02 180.0 C17B—C8—C15B 119.4 (6)
02—Col—NI1 87.77 (4) C17B—C8—C16B 105.4 (5)
02—Col1—N1 92.23 (4) N1—C9—C10 123.81 (12)
02—Col—NT1! 92.23 (4) N1—C9—H9 118.1
02—Col—N1! 87.77 (4) C10—C9—H9 118.1
04—Co1—02 86.55 (4) C9—C10—C14 116.42 (12)
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04i—Col—02 93.45 (4) C11—C10—C9 118.10 (12)
04—Col—O02 93.45 (4) Cl11—C10—C14 125.46 (12)
04i—Col—02! 86.55 (4) C10—C11—H11 120.7
04i—Col—04 180.0 C12—C11—C10 118.68 (13)
04—Col—N1 91.29 (4) Cl12—Cl11—H11 120.7
04i—Col—N1 88.71 (4) Cl1—Cl12—HI12 120.4
04—Col—NI! 88.71 (4) C13—CI12—Cl1 119.21 (14)
04i—Col—N1i 91.29 (4) C13—CI12—HI2 120.4
N1—Col—N1 180.0 N1—C13—CI12 122.83 (13)
C1—02—Col 123.73 (8) N1—C13—H13 118.6
Col—04—H41 99.1 (18) C12—C13—HI3 118.6
Col—04—H42 129.8 (16) 03—C14—N2 122.61 (14)
H42— 04— H41 112 (2) 03—C14—C10 119.44 (12)
H51—05—H52 111 (3) N2—C14—C10 117.94 (13)
C9—N1—Col 117.05 (9) C8—C15A—HI5A 109.5
C9—N1—C13 117.36 (12) C8—CI15A—HI5B 109.5
C13—N1—Col 125.54 (9) C8—C15A—HI5C 109.5
Cl4—N2—H21 122.6 (14) H15A—C15A—H15B 109.5
Cl4—N2—H22 115.3 (15) H15A—C15A—H15C 109.5
H21—N2—H22 122 (2) H15B—C15A—HI5C 109.5
01—C1—02 124.68 (12) C8—C16A—HI16A 109.5
01—C1—C2 116.71 (12) C8—Cl16A—HI6B 109.5
02—C1—C2 118.57 (12) C8—C16A—HI16C 109.5
C3—C2—Cl 119.37 (13) H16A—C16A—H16B 109.5
C7—C2—Cl 122.20 (13) H16A—C16A—H16C 109.5
C7—C2—C3 118.28 (12) H16B—C16A—H16C 109.5
C2—C3—H3 119.6 C8—C17A—HI17A 109.5
C4—C3—C2 120.84 (14) C8—C17A—HI17B 109.5
C4—C3—H3 119.6 C8—C17A—HI17C 109.5
C3—C4—C5 121.64 (14) H17A—C17A—H17B 109.5
C3—C4—H4 119.2 H17A—C17A—H17C 109.5
C5—C4—H4 119.2 H17B—C17A—HI7C 109.5
C4—C5—C6 117.23 (13) C8—C15B—H15D 109.5
C4—C5—C8 120.78 (14) C8—C15B—HISE 109.5
C6—C5—C8 121.97 (14) C8—C15B—HISF 109.5
C5—C6—H6 119.2 H15D—C15B—HISE 109.5
C7—C6—C5 121.52 (14) H15D—C15B—HISF 109.5
C7—C6—H6 119.2 H15E—C15B—HISF 109.5
C2—C7—C6 120.48 (13) C8—C16B—H16D 109.5
C2—C7—H7 119.8 C8—C16B—HI6E 109.5
C6—C7—H7 119.8 C8—C16B—HIGF 109.5
C5—C8—C16A 109.22 (19) H16D—C16B—HI6E 109.5
C5—C8—Cl17A 107.8 (2) H16D—C16B—HI6F 109.5
C5—C8—C15B 108.0 (3) H16E—C16B—HI6F 109.5
C5—C8—C16B 104.1 (3) C8—C17B—H17D 109.5
C15A—C8—C5 114.7 (2) C8—C17B—HI7E 109.5
C15A—C8—C16A 107.7 (3) C8—C17B—HI7TF 109.5
CI15A—C8—Cl17A 112.0 3) H17D—C17B—HI7E 109.5
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C16A—C8—CI17A 104.9 (3) H17D—C17B—H17F 109.5
C15B—C8—C16B 100.0 (6) H17E—C17B—HI17F 109.5
C17B—C8—C5 117.3 (3)

Col—02—C1—O01 14.57 (19) C4—C5—C8—C17A —-64.5 (3)
Col—02—C1—C2 —163.00 (9) C4—C5—C8—CI15B —142.0 (5)
Col—N1—C9—C10 178.01 (10) C4—C5—C8—Cl16B 112.4 (4)
C13—N1—C9—C10 0.2 (2) C4—C5—C8—C17B —3.5(6)
Col—NI1—C13—C12 —177.98 (13) C6—C5—C8—CI15A -11.4 (4)
C9—N1—C13—C12 -0.4(2) C6—C5—C8—CI16A -132.3 (3)
01—C1—C2—C3 273 (2) C6—C5—C8—CI17A 114.2 (3)
o1—C1—C2—C7 —148.24 (15) C6—C5—C8—CI15B 36.7 (5)
02—C1—C2—C3 —154.98 (14) C6—C5—C8—C16B —68.9 (4)
02—C1—C2—C7 29.5(2) C6—C5—C8—C17B 175.2 (6)
C1—C2—C3—C4 —176.12 (15) C5—C6—CT7—C2 0.7(3)
C7—C2—C3—C4 -0.4(2) C11—C10—C9—NI1 0.0 (2)
C1—C2—C7—C6 175.20 (15) C14—C10—C9—N1 178.41 (13)
C3—C2—C7—C6 -0.4(2) C9—C10—CI11—C12 -0.1(2)
C2—C3—C4—C5 0.9 (3) C14—C10—C11—C12 —178.35 (15)
C6—C5—C4—C3 -0.5(3) C9—C10—C14—03 11.8 (2)
C8—C5—C4—C3 178.25 (17) C9—C10—C14—N2 —167.08 (14)
C4—C5—C6—C7 -0.3(3) C11—C10—C14—03 —169.96 (16)
C8—C5—C6—C7 —179.05 (17) C11—C10—C14—N2 11.2 (2)
C4—C5—C8—CI15A 169.9 (3) C10—C11—C12—CI13 0.0 (3)
C4—C5—C8—C16A 49.0 (3) N1—C13—C12—Cl11 0.3(3)
Symmetry code: (i) —x, =y, —z.

Hydrogen-bond geometry (4, °)

D—HA D—H H-A4 DA D—HA
N2—H21--0Olf 0.82 (2) 2.15(2) 2.935(2) 159 (2)
N2—H22---03i 0.85(2) 2.07 (2) 2.907 (2) 166 (2)
04—H41--01! 0.87 (3) 1.79 (3) 2.6230 (17) 160 (3)
04—H42--05 0.84 (2) 2.01(2) 2.852 (2) 176.4 (19)
05—H51--03 0.82 (3) 2.14 (3) 2.942 (2) 164 (3)
O5—H52--02"V 0.87 (3) 2.17(3) 3.0331 (19) 175 (3)

Symmetry codes: (i) —x, =y, —z; (ii) —x, —y+1, —z; (iii) —x+1, =p+1, —z; (iv) —x+1, -y, —z.
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