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Tém tit. Cdu triic va ndang lwong phdn ly lién két Ni-E trong cac phirc tetrylone [(CO),Ni-
{E(PH5),}] (Ni2-EP2) va tetrylene [(CO);Ni-{NHEy}] (Ni2-NHE) (E = C dén Pb) duoc tinh
todn tai mirc 1y thuyét BP86/TZ2P+ stk dung phép tich ning heong két hop véi obitan lién két
héa tri (EDA-NOCYV). Cau triic ciia phite Ni2-EP2 cho thdy phoi tir tetrylone EP2 (E = C — Pb)
tao véi phén tir Ni(CO), mét goc lién két o < 180°. Tuy nhién, cdu triic ciia phirc Ni2-NHE lgi
cho thdy cdc phoi tir NHE (E = C dén Sn) tao véi phan tir Ni(CO), mét goc lién két o = 180°
ngoai trir phoi tir NHPb tao géc lién két a = 110,0° Ning heong phdn ly lién két Ni-E ciia phirc
tetrylone-Ni(CO), tang dan tir phirc carbone dén phire silylone, sau d6 lai giam dan tir phirc
silylone dén phirc plumbylone. Trong khi dé, nang lwong phdn ly lién két Ni-E ciia hé phitc
tetrylene-Ni(CO), giam manh: Ni2-NHC > Ni2-NHSi > Ni2-NHGe > Ni2-NHSn > Ni2-NHPb.
S khéc nhau giira phirc Ni2-EP2 va Ni2-NHE ¢6 thé gidi thich béi phoi tir tetrylone con hai
cdp electron ti do tai nguyén tir trung tam E, trong khi tai nguyén tir trung tam E ciia phoi tir
tetrylene chi con mot cap electron ty do.

Tir khéa: Tetrylone, tetrylene, ning lwong phén ly lién két.
1. MO DAU

Trong thoi gian gan day c6 nhiéu nghién ciru ly thuyét va thuc nghiém vé hop
chat carbodiphosphoranes (CDP) {C(PRs).} [23-25]. V&i cdu trac kha dic biét, hop
chat nay ¢ mo ra nhitng nghién ctru rat thi vi cho cac tinh toan bang thuc nghiém ciing
nhu 1y thuyét. CDP thudc hop chat cacbon(0) (CLy), trong d6 nguyén tir cacbon giir lai
hai cap electron va tao thanh lién két trong hop chat CL; véi hai lién két cho nhan L—C
[24, 25]. So sanh v&i cAu trac ctua carbene CR;, ¢6 mot su khac biét rd rang, do 1a viéc
chi ton tai mdt cdp electron tu do trén nguyén tir cacbon, hai electron con lai da tham gia
tao thanh lién két voi nhom R (C—R). Mit khéc, tinh chét cia cacbon(0) thuong dugc so
sanh voi N —heterocyclic carbene (NHC), ciing 1a phdi tir trong cac phirc kim loai
chuyén tiép, trong d6 nguyén tir cacbon trung tdm chi con mét cip electron dé tao thanh
lién két trong hop chat [10]. Thyc té chi ra rang, cdu trac hinh hoc va ban chit cac lién
két hda hoc cua phirc chit co nhimng thay d6i dang ké khi cac phdi tir linh hoat lién két



v6i cac hop chét thich hop, d@)ng thoi co sy khac biét 16n vé tinh chét dac trung cua cac
phéi tir khi nguyén tir trung tim mé rong tir C dén Pb (nhom 14) [8-15]. Céac hop chit
chtra kim loai chuyén tiép véi phdi tir tetrylone va tetrylene duoc xem 1a cac hé nghién
ctru rat dugc quan tAm trong nhimg nim gan day vi tinh linh hoat ctia chiing trong viéc
hinh thanh lién két trong h¢ phuc. Do do, s€ rat thi vi khi khao sat va so sanh céu tric
cling nhu trang thai lién két ctia cac hé phuc chira ion kim loai chuyén tiép, diéu nay da
dugc chimg minh bang cac nghién ctru thuc nghiém trong nhitng nam gan day [6, 16,
19, 20, 27]. Trong d6 dang chu ¥ 1a cac hé phuc v6i phdi tir carbene két hop véi hop
chat kim loai chuyén tiép nhu Ni, Pd, ... 1a chét xuc tac tbt trong nhiéu phan tmg hitu co
khac nhau [18, 21], hay phirc Ni(II)-NHC da duogc Liu cung cong su tong hop tir niken
v6i mubi imidazolium trong CH3CN va duge ting dung 1am hop chét trung gian dé téng
hop cac phuc chat ciia PA(II), Pt(II), Co(III), Ru(Il) v&i phdi tir NHC cho hiéu suét cao
[5]. Bén canh d6, mot s6 phirc chit cacbon(0) véi cac kim loai chuyén tiép ciing da
dugc tong hop, xac dinh cdu trac va ban chat lién két trong phirc, vi du nhu cac phic
(CO)gNIC(PPhg)z, (CO)zNIC(PPhg)z [16], hay cac phl’IC [ClM-C(PPh3)2] (M = CU, Ag,
Au) [6, 19, 20, 27].

Trong nghién ctru nay, ching toi so sanh cau tric, nang luong phan ly lién két
gilta phtrc chat Ni(CO), véi phdi tir tetrylone E(PH3); va tetrylene NHEpe ¢ mirc 1y
thuyét BP86/TZ2P+ nhu chi ra & So dd 1. Hy vong cac két qua nghién ctru 1y thuyét
trong bai bio nay s& dong gop thém nhirng hiéu biét co ban vé phirc chét c6 ciu tric dic
biét. Pong thoi, ching minh tinh hiéu qua ciing nhu vai trd quan trong ctia phuong phap
tinh toan 1y thuyét nham dinh hudng cho nghién ctru thuc nghiém trong viéc giai quyét
cac van dé va tim hiéu cac hién tuong mai trong hoda hoc.
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{NHEwme}] (Ni2-NHE); phéi tir {E(PH3).} (EP2) va {NHEw.} NHE (E = C, Si, Ge, Sn, Ph).

2. PHJQJONG PHAP TiNH TOAN

Céc phirc Ni2-EP2 va Ni2-NHE duoc t6i uu hoa tai mirc BP86 két hop véi mot
tap co so -triple-zeta-qualityl tng véi dinh thie Slater (STO) dugc taing cuong bdi bo
chtrc ning phan cuc va mot twong tac 16i doc 1ap [22], chay trén phan mém ADF
2014.01 [26]. Mot b phu tro cuaa s, p, d, e, g va STO s€ dugce str dung Gmg véi mat do
phan tr, dai dién cho Coulomb va thé ning tuwong quan trao d6i, dugc xac dinh mot cach
chinh xac trong mdi chu ky SCF [4]. Hiéu tng twong dbi tich vo hudng s& duoc két hop
bang cach ap dung tai cac phép tinh gan dung ZORA [26]. Mtic ning luong



BP86/TZ2P+ dugc ap dung dé khao sat trang thai lién két ctia cac hé phirc Ni2-EP2 va
Ni2-NHE bang phwong phap phan tich ning lwong phan huy két hop véi obitan lién két
héa hoc (EDA-NOCV) do phuong phap nay c6 dd chinh xac cao va phu hop cho viéc
tinh toan ly thuyét cua cac hop chét ¢o dang dbi xtng C1 nhu cac hé phuc dugc chon.
Pong thoi, ning lwong phan ly lién két D, (kcal/mol) (BDE) cua lién két Ni-E trong
phirc Ni2-EP2 va Ni2-NHE ciing duoc tinh toan bang chwong trinh ADF 2014.01 tai
muc BP86/TZ2P+.

3. KET QUA VA THAO LUAN
3.1. Céu triic ciia hai h¢ phirc tetrylone Ni2-EP2 va tetrylene Ni2-NHE

Hinh 1 dua ra két qua tinh toan ciu tric hinh hoc t6i wu ctia phtrc Ni2-EP2 voi E
= C dén Pb & muc BP86/TZ2P+, kém theo cac gia tri vé do dai va goc lién két. Tir Hinh
1 cho thay d6 dai lién két Ni-E tang dan tir hé phic Ni2-CP2 (1,957 A) dén hé phirc
Ni2-PbP2 (2,611 A). Piéu nay phu hop véi su ting dan ban kinh cta cac nguyén tir
trong nhom 14 khi khéi luong nguyén tir ting dan. Mat khéc, gia tri d6 dai lién két Ni-C
trong nghién ctru nay xap xi v6i do dai lién két Ni-C trong phirc cht [(CO);Ni-C(PH3)2]
(1,952 A) da duoc nhom nghién ciru cta Frenking bao céo 1y thuyét trong thoi gian gan
day [25]. Bén canh d6, do dai lién két Ni-C trong nghién ctru nay ciing xap xi voi do dai
lién két Ni-C trong phirc chat [(CO),Ni-C(PPha)2] (1,990 A) dugc phan tich X-ray boi
Petz va cong su [16]. Két qua tinh toan cu trac & Hinh 1 cho thdy phdi tir EP2 déu tao
mot goc lién két < 180° véi hop chat Ni(CO), va goc lién két cang nhon hon khi khdi
luong nguyén tur trung tdm E tang dan.

‘r l‘”uilI\/“;\ . 55"
1.957
1.164‘/‘ .‘\“"“ “5;/)5.'/ Tt\tlﬂ l;f;& 1163 Jg . ‘\1:63 l'.‘ls/s“j i{x:s
Ni2 - CP2 Ni2 - SiP2 Ni2 -GeP2 Ni2 — SnP2 Ni2 — PbP2

o=153,9°,D0,=39,7 «a=101,7°;D,=39,8 «a=288,5% D,=379 o=288,3°,D,=374 o=284,7° D, =36,3
Hinh 1. T4i wu hinh hoc phtic Ni2-EP2 vé6i E = C dén Pb tai mirc BP86/TZ2P+. B¢ dai lién két
don vi la A, goc don vi 1a [°]. Tinh BDE, D, (kcal/mol) cua lién két (CO),Ni — E(PH3), tai muc
BP86/TZ2P+. Goc lién két (o)) (bending angles) 1 goc Ni-E-X voi X 1a trung diém ciia P-P:
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Khi so sanh céu triic ctia hé phic tetrylene Ni2-NHE véi hé phtc tetrylone Ni2-

EP2, chiing t6i nhan thdy c6 nhimng diém twong dong va khac nhau dang ké. Két qua
tinh toan céu trac hinh hoc t6i wu cia cac phic Ni2-NHE voi E = C dén Pb tai muc
BP86/TZ2P+, véi cac gia tri quan trong vé do dai va goc lién két dugc dua ra & Hinh 2.
Do dai lién két Ni-E trong phuc chit Ni2-NHE ting dan tir Ni2-NHC (1,934 A) dén



Ni2-NHPb (2,663 A). Luu y ring do dai lién két Ni-E duoc tinh toan trong nghién ciru
nay khong khac nhiéu so véi cac két qua thyc nghiém gin day. Vi du nhu, do dai lién
két Ni-C trong phirc Ni2-NHC (1,934 A) xép xi voi do dai lién két Ni-C trong phirc
chat [(IMes);Ni(CO),] (1,983 A) [7]: [(IAd)Ni(CO),] (1,9528 A) va [(I'Bu)Ni(CO),]
(1Ad: adamantyl, I'Bu: tert-butyl) (1,9569 A) [17]. D6 dai lién két Ni-Si trong phirc Ni2-
NHSi (2,197 A) khong ngén hon nhiéu so véi gia tri d6 dai lién két Ni-Si (2,2111 A)
trong phirc [(CO)sNi{PhC(NtBu),SiCl}] dugc Tavéar va cong su tong hop [3]. Bén
canh do, gia tri thyc nghi€ém do dugc do dai lién két Ni-Ge trong phuc Tetrakis (N,N-
dineopentyl-1,3,2-benzodiazagermol-2-ylidene)-nickel(0) [(NRGe)4Ni] la 2,2324 A va
2,2387 A [2], x4p xi 46 dai lién két Ni-Ge trong phirc Ni2-NHGe (2,277 A). Két qua
tinh toan dua ra trong Hinh 2 cho thdy cac phdi tir tetrylene NHE tao v6i Ni(CO); mot
goc lién két (end-on) o = 180,0°, ngoai trir phdi tr NHPb trong phirc Ni2-NHPb tao
goc lién két o = 110,0°. Mat khac, tir Hinh 2 dé dang théy cAu tric cia Ni-NHC dic
biét hon so vé&i cac phirc trong cting nhém, mit phang chira hai nhom CO ctia hop chét
Ni(CO), vudng goc véi mit phang chira phdi tir NHC, trong khi cac phirc Ni2-NHE (E
= Si dén Pb) thi phéi tir NHE va hop chat Ni(CO), déu cing nam trong mot mat phang.
Diéu nay c6 thé giai thich do do dai lién két Ni-C ngin nhét so v&i cac phtic trong cung
nhom 14, nén sy anh huong cta hai nhom CHj trén phdi tir carbene budc hai nhém CO
phai xoay dé khong bi can trd vé mit khong gian. Luu ¥ 1a su xoay hai nhom CO khong
gip trong céac phirc tetrylone nguyén do vi phdi tir EP2 kém cong kénh hon nhiéu so voi
phéi tir NHE, nén anh huong khong gian ctia phdi tir tetrylone gay ra la khong dang ké.
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Hinh 2. Téi wu hinh hoc phuc Ni2-NHE v6i E = C dén Pb tai mac BP86/TZ2P+. B¢ dai lién
két don vi 1a A, goc don vi 1a [°]. Tinh BDE, D, (kcal/mol) cia lién két (CO),Ni — NHE, tai
mirc BP86/TZ2P+. Goc cong (o) (bending angles) 1a goc Ni-E-X véi X 1a trung diém ctia N-N:
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3.2. Ning lojong phan ly lién két Ni-E ciia phirc tetrylone Ni2-EP2 va tetrylene Ni2-
NHE
Hinh 1 va Hinh 3 dua ra két qua tinh toan BDE cta lién két Ni-E trong phirc Ni2-
EP2 ¢ muc BP86/TZ2P+ v6i xu huéng twong ddi thi vi. Cu thé, BDE cua lién két Ni-E
tang nhe tir Ni2-CP2 (D, = 39,7 kcal/mol) dén Ni2-SiP2 (De = 39,8 kcal/mol), sau do6




lai giam nhe tir Ni2-SiP2 dén Ni2-PbP2 (D, = 36,3 kcal/mol). Luu y rang gia tri BDE
ctia lién két Ni-E trong phirc Ni2-CP2 xép xi v6i gia tri duge béo cao 1y thuyét boi
nhom cua Frenking (De = 38,3 kcal/mol) gin day [25]. Bén canh d6, Hinh 2 va Hinh 3
cho thay gi4 tri BDE cua lién két Ni-E trong cac phirc Ni2-NHE giam manh theo chiéu:
Ni2-NHC < Ni2-NHSi < Ni2-NHGe < Ni2-NHSn < Ni2-NHPb. Gia tri nang lugng
phan ly lién két Ni-C trong phirc Ni2-NHC (D, = 45,4 kcal/mol) khong c6 su khac biét
nhiéu so v&i két qua tinh toan DFT-D, trong c4c nghién ciru trude ddy, vi du nhu phirc
[Ni(CO),-NHCy] da duoc tinh toan boi Frenking (De = 43,3 kcal/mol) [25] va tiép dén
Guha (De = 42,0 kcal/mol) cho phtrc [Ni(CO)2-NHCpe] [1], va S. P. Nolan trong phirc
[(JIAd)Ni(CO),] (De = 43 + 3 kcal/mol) [17]. Tir két qua tinh toan cho thay lién két Ni-
NHCye trong Ni2-NHC 12 lién két manh nhét trong khi cac hé ning hon Ni2-NHE
(E = Si dén Pb) c6 lién két yéu hon va khong co sy khac biét nhiéu so voi két qua tinh
toan DFT-De trong cc nghién ciru trudc day [8-10]. Qua Hinh 3 co thé thay rang, do
bén cac lién két Ni-E trong phirc Ni2-EP2 6n dinh hon con trong phirc chat Ni2-NHE
thi giam nhanh khi ting khdi lwong nguyén tir cia E, mic du do dai lién két Ni-E déu
cung ting khi di tir C dén Pb. Su khac nhau gitta phirc cta tetrylone va tetrylene voi
Ni(CO); c6 thé giai thich bai phdi tir tetrylone con hai cip electron tu do tai nguyén tir
trung tdm E, trong khi tai nguyén tir trung tim E ctia phdi tir tetrylene chi con mot cip
electron tu do.
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Hinh 3. Ning luong phén ly lién két D, (kcal/mol) tai mirc BP86/TZ2P+ ciia phiic tetrylone
Ni2-EP2 va tetrylene Ni2-NHE véi E = C dén Pb.

4. KET LUAN
Céu trac cua phirc Ni2-EP2 cho thay phdi tir CP2 tao v6i phan tir Ni(CO), mot

goc lién két (side-on) o = 153,9° va goc lién két o cang nhon hon khi nguyén tir khdi



ctia E cang 16n. Tuy nhién, cau tric cta phic Ni2-NHE cho thay cac phdi tir NHE tao
v6i phén tir Ni(CO), mot goc lién két a = 180°, ngoai trir phirc Ni2-NHPb tao goc lién
két a = 110,0°. Ning luong phan ly lién két Ni-E cta phic tetrylone-Ni(CO), ting dan
tir phtrc carbone dén phuc silylone, nhung sau d6 lai giam dan tir phuc silylone dén
phirc plumbylone. Trong khi d6, ning lugng phan ly lién két Ni-E cta hé phuc
tetrylene-Ni(CO); giam manh theo chiéu hudng: Ni2-NHC > Ni2-NHSi > Ni2-NHGe >
Ni2-NHSn > Ni2-NHPb. Su khac nhau gitra phirc tetrylone va tetrylene véi Ni(CO), €O
thé giai thich bai phdi tir tetrylone con hai cip electron tu do tai nguyén tir trung tAm E,
trong khi tai nguyén tir trung tdm E cuia phdi tir tetrylene chi con mét cip electron ty do.
Cac két qua tinh toan ly thuyét trong nghién ctru nay s& gop phan tao thém mot tip co
so dir lidu day du vé hai ho phdi tir tetrylone va tetrylene gop phan dinh huéng cho céc
nghién ctru thyc nghiém trong tuong lai.
{,O"I CAM ON: Nghién ciru ,du’ac tai tror b(,}i Truong Dai hoc Quang Binh thong

qua dé tai nghién ciru khoa hoc cap co so, mad so: CS.03.2016.
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A COMPARISION STUDY FOR STRUCTURES AND BOND
DISSOCIATION ENERGY BETWEEN TETRYLONE AND
TETRYLENE LIGANDS OF Ni(CO), COMPLEXES USING ENERGY
DECOMPOSITION

ANALYSIS WITH NATURAL ORBITAL FOR CHEMICAL VALENCE

Abstract. Quantum chemical calculations at the gradient-corrected (BP86) density
functional calculations with TZ2P+ basis set were carried out for complexes
tetrylones [(CO),Ni-

{E(PHs),}] (Ni2-EP2) and tetrylenes (Ni2-NHE) when E = C to Pb. The calculated
equilibrium structures of tetrylone complexes Ni2-EP2 showed that all ligands EP2 were
bonded in a tilted orientation relative to the fragment Ni(CO),. Unlike the structures of
tetrylone complexes, the structures of tetrylene complexes Ni2-NHE have the NHE ligands
(E = C to Sn) bonded in a head-on way to the Ni(CO), fragment, except the Ni2-PbP2
has a side-on bonded ligand PbP2 with the bending angle, a = 110,0°. The calculated
bond dissociation energies (BDE) suggest that the Ni-tetrylone ligands bond strength
slightly increases from the carbone to the silylone, then slightly decreases from the silylone
to the plumbylone. The BDE for the (CO),Ni-NHEy, bonds is Ni2-NHC > Ni2-NHSi >
Ni2-NHGe > Ni2-NHSn > Ni2-

NHPb . The differences between Ni2-EP2 and Ni2-NHE can be mainly explained that the
tetrylones{E(PHs),} have two lone pair orbitals available for donation while the
tetrylenes{NHE.} only retains one lone pair at central atom E for donation.

Keywords: Tetrylone, tetrylene, bond dissociation energy.



