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Experimental and theoretical investigation
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Abstract: Superhalogens exhibit special stable characters and electronic properties, and are suitable to be
used as building blocks in designing cluster assembling materials. BO; is only one electron short to
electronic shell closing and has a high electron affinity., 4. 46 eV, larger than that of halogen atoms, so
BO; can be considered as a superhalogen. In order to confirm this, the interactions between BO, and Cu,

Na atoms as well as microscopic salvation of NaBQO, cluster were intensively studied through anion
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photoelectron spectroscopy (PES) and density functional theory (DFT) calculation. The studies show that

BO, moiety still retains its linear structure as the bare BO, cluster and behaves as a superhalogen. On the

other hand, the microscopic solvation of NaBQO, in water is similar to that of halogen salts. NaBQO, appears

as contact ion pair (CIP) structure at first, and then there is a significant change in the photoelectron

spectra of NaBO, ™ (H;), clusters starting from n=3, corresponding to the transition from contact ion

pair (CIP) structure to solvent-separated ion pair (SSIP) structure. Besides, with an electron affinity of

5.07 eV, which is larger than that of its BO, superhalogen building-block, Cu(BO;); can be classified as a

hyperhalogen. Since the hyperhalogen contains three different elements, it has much more freedom in

designing materials.

Key words: anion photoelectron spectroscopy; density functional theory; superhalogens; cluster-assemble

materials

0 5§

TE 5 1 T il A v, i S5 S /IR R, - 4
JSE 1 VAT 558 R K A AT 7 A 10, A 27 e Jo R ) 3
AR R O AR 5 Al R T 5 A1 R kAR A B
VBB BE A5 PR R 45 40 b i RS e Pk 5 52 3 1k, W i &
iTHH R SuR MR P EANTTRIIEB TR
FEARL A P JBT o 3K 28 AL R s o0 D . AT AR B2 1 —
AT BAT S5 R AR R A TR m R e R ST
ok ] 2% BT BB Ak | i R T IE AP A A X — A . R
T 10 BN M 5 A AR R /N R BB A AR RO &R
Xof B 7 9% M O AF 5T T DA 7S A A R R LB, DA
M6 BT R T RE I A A7) 5 LU ) 8 7 1
W58 AN TR F RSB bR B e T B LRl N
il 1 1 2 R ) T BE A 4H oK A BT RE T8 AR 2.

I Y A AT LUGE T 2] 1981 4F Gutsev
SEC X R A BRI AT L A AT AR T — AR
AT MX (R RRHE— R KR, XA
o RSB EF KR F M m R X R
JEF M X A0 E BB R T AL ) R R
A IR AR R = &, B S . Boldyrev Hlth 19 B 5% /N
5 it — R B BEE B 5T W UE T A AT BT 4R
AN 2 FA IE B R, AL 28 R T 0 — A it
1R, 1989 4 Castleman W 5% /IN4H XF 45 A 55 I W 1%
PERIBFFEE 45 ], AL, L AL, AT AL, HRELE
5 O, I N Al e O i R B A AR Ak, i H Al
AL HEES O, N ik 0 5 A W25 T R,
XU Al L ALy A AL, MR EMNG . A
Oy KA L. 33X 3 A WRE BT X8 i 1 | 150k 40,70
112, W75 A jellium #8558 ) B 5% )2 25 44 Al AT
DI 5E 45 S e B, 1A 6 A9 A ek AS S RT A o o i 0

PR R B S B, At AT LR AT R R NE T R . T
x5 2% T HoAth oC Y AR AR 09 B e RS 5 i
FEUI P — 2 N jellium #5817 45 # 14) 1E 3 1 48
HE TS, AN 1992 4E TR IR 48 O A %22+
SR B P AT it A R M DL B O AT s A E P Y
VA 3 IO 12 S 1A A J2 4D L 445 g 3 79 4 [l 8T, AR 22 T
FENALJRFE T — F B A S 00 0 B IS A gt A
1994 4F Khanna % A HE AF 50 43 8 T AL, i H
THEMAERA N 3.7 eV, 5K KT ClLETHH
FREMBEREVT, JF H ALy A1 K JBF 0] RIg KClL —Ff
HAETE R 75, Al B Rk 2. R 5 X
FHRLA P L X Al 28 — ot 1 A E S R
T M5 Castleman /NHABYIFSE X — SR T 5
Z R TIRARAET Y X 2 L #OR £ BB 5T /N 4
TFOA 56 1 T 30 T BF 588 5 T g e S
— A B kB R T AL AT DUR R T
—FES AR FIT R R 745 A m R 20 S bR,

2007 4F Wang A 78 /1N 41 1) F ' A 7 i 335 0 2
WIFE AL AW BO I BO, HEE#EAT T #F
R BRI L BO, T M TR AR CLE T 19
TR FIRER B R LR H] T 4. 46 eV, [ BO, B
PGS 22 1 AN IR BE 52 )2 Ir Ll BO, B T
N B3R AR AR SO R O L T R S AN
BEYZ BRI ERIE T BESE BO, 5 Cu, Na JfF (04 5
VE T BT T2 i A 1 H 7R DL & BO, 1% 1 18
AR,

1 Cu(BO,), (n=1~2)RIHAEF
A #%

1.1 SSHFIBiditERE
SO0 A A O IR S A VR B TRAT IS (R] B —



BO, B4 8 L4 Zh iR LR 371

R AOE R T BB 1 58 T A 3, 532 nm
RSO D S 2 7E - T N 8O- S R 3 i Cu/B & 4@
M ER 13 mm,Cu 5 BY &L 50: 1)
AT, 77 A B A B TR S SR 1O 405. 3 kPa
R SR f3 8 S B AT A% PR v O RE B R 2
10 m]. F¢ & 2 A E AL R L7 E TS R Cu
(BO,),~ 56508 1 W%, Bir DL 2P 78 30U
AR AR T T AR AT I Ta) B
ACHEAT A 43 B, SR 5 Hh JB R 1) 20 ) g P Y
CuBO, MCu(BO,), HREHE — AL b b BE AT
G HL T RE TS A ARG X BLAE T T AR B B IO < 266
nm M 193 nm. 5k vh 3O fE 5 45 6 7 0. 1~0.2
m]. LR R A Cu G F RIS AT E bR O T
RETE AL 20 BN 40 meV/eV.,

B THRCR % B2 o6 B8 T iy B3LYP J7 ik
Xt T AR AR AT T A f . Hod B AN O
JEF R T AW 754 6-311++G3dD , Cu JiLF
kM T Lanl2dz 3 4. % A4 3F B oo B fE
Guassian09™ JF 4 58 .t Ak it 72 b, T T
Xof R e IR o 3 o T 3 A 5 A B Y 5 A R A
JRIERES E L BT R RE R AR R TR MBI, )R
HRAE 75 21 09 145 14 1Y B 1 11530 A0 7 i) i 058 Y g
(vertical detachment energy, VDE) Fl4& $4 it it G8
(adiabatic detachment energy, ADE). H d, 5 & i

266 nm

0 05 1.0 1.5 2.0 2.5 3.0 3.5 4.0

193 nm

relative photoelectron intensity

0 05 1.0 1.5 2.0 2.5 3.0 3.5 4.0 45 5.0 55 6.0
electron binding energy / eV
(a) CuBO,~

Bk RE E S A 078 1 AT A R ] 4 L 1 AT 7 14 TiE
25 i 20 PR B RE RE S 1R T P R AU B
5 AT FE K AR Sy 90 465 # UG A A 31 B4 o R Y B9 BE
B2 — S OO T L 4 PSR RE S A% T rp A A
F 3£ MHE Celectron affinity, EA).
1.2 &#R5iTi¢

K1 A AE 266 nm Al 193 nm Y6 T fig
ZAF R WA CuBO,  Hl Cu(BO,), g 7 W £
AL HL T BETE . D't v 1 AE T 3 04 QSR A 2 M AT 7 1
R 25 1) X LY P A R R S N O S B BR AT
JIt LA DA 952285 5~ A1 7 64 016 | 1 RE % T LA 21 47 5 1 A
7% A 2 L JBE RN RE (VDE) 2 # B Kif iE (ADE) , 3% 1
HBI TS 5 I A B VDE . ADE B L AH Bz
TS E. 25 R B A3 20 B 1S B 0 Y R 5L 3R
il LLN 2 50 75 96 R 0 & ADE B9 52 56 {6 . ] —
2 SR A — A A MR A R LA A

x1 B EFNEFIHURERITERN
Cu(BO,),” Bl#5#) ADE #1 VDE {&
Tab.1 Experimental and calculated ADE and
VDE of Cu(BO,),” clusters

ADE/eV VDE/eV
Zif 3 : .
Mg SRME HIBE S HE
CuBO; ™~ 2.04 1. 90 2.17 2.12
Cu(BO2)2~ 5.31 5.07 5.41 5.28

[UY  SESRAH B A E B 120, 08 eV

266 nm

0 0.5 1.0 1.5 2.0 25 3.0 3.5 4.0

193 nm

relative photoelectron intensity

0 051.0 15202530 3540455055060
electron binding energy / eV
(b) Cu(BO,),

1 7£ 266 nm 1 193 nm £ TS H CuBO, ™ 1 Cu(BO,),” fi B F A KA X B FEEIL
Fig. 1 Photoelectron spectra of CuBO,~ and Cu(BO,),~ anion clusters recorded with 266 nm and 193 nm photons
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Fig. 5 Optimized geometries of the typical low-lying isomers of NaBO,~ (H,0),(n=0~4)
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Tab.3 Relative energies of the low energy isomers of NaBO, ™ (H,0),(n=0~4) as well as their theoretical VDEs and ADEs

St s ST __ADE/eV VDBV
/eV BLib7oY(El SEE BLibAN(E] SEE(E

0A 0. 00 Coon 25, 0.96 0.93 0.99 1.00
NaBO: 0B 4,14 Coon 23, 3.01 3. 64
0c 4.18 Coon 23, 3. 34 3. 96

1A 0. 00 C 27! 1.08 112 115 1.23
NaBO: (H:0)~ 1B 0. 09 Can A 0.75 0. 80
1c 0. 28 Con 2A, 0. 43 1. 40
2A 0. 00 C N 0.58 0.71

2B 0. 00 G 25 1.48 1.24 .57 1.38
NaBO; (H20)2 2C 0.01 Cs ZA 0.71 1. 09
2D 0.01 G A 0.71 1.24
oF 0. 28 C 2A 0. 43 0.59

3A 0. 00 G 27 0.47 0.57 0.99 0.71
3B 0. 04 G A 0. 41 1.37
NaBO, (H;0)5 3C 0. 09 & N 0.35 0. 56

3D 0.13 C 25 1.63 1. 64 1.75 1.72
3E 0.13 G A 0.35 0.53

4A 0. 00 G 27 0.51 0. 41 0. 66 0. 65
4B 0.01 C ZA 0.31 0. 50
NaBO: (H:0), 4C 0.03 C A 0.59 1.22
4D 0.07 C N 0. 46 1.48

4E 0.21 Ca 24, 1.70 1.54 1.81 1.76




376 ¥ E AR KT FR % 43 %
9
[ ] @ J.
9 / :
0 ? < )
.n;“‘v" @ @
(C. 'Sy) (C.y 'Sy (C.. 'Sy
0A’ 0.00 eV 0B’ 6.18 eV 0C' 6.55eV
,°
[ ] [ ] ] J.J
| Y9° o’ LS o’
'F ‘9 S
- ? L
(C, 'AY) (Cx 'AY) (C, 'A)
1A’ 0.00 eV 1B 0.13 eV IC" 0.37 eV
@?
) ° ¢
[ °. a”
® % 0 Y
¥ .J'. .‘I'L:f,; " 1 9 ‘
2 @ ; o JJ i °
2 L@ 9 2 .&“ ... o
(C, 'A) (C, 'A) (Ca 'A)) (C: 'A))
2A" 0.00 eV 2B 0.13 eV 2C" 013 eV 2D 0.90 eV
| S
@, J. »
s @ ° P )
L, o ...;J. J. .-w,.\“" J *9
3 e ;f 9, J; ? ).
@ g 9 » .9, ¥ "z,
(€, 'A) (€ 'A) (Ca 'AY) (C, 'A")
3A' 0.00 eV 3B’ 0.03 eV 3C 0.73 eV 3D 1.32eV
[ it
d ) 292 @
s . o 20” o
00 0w 6"“) v s 22 K S
4 % iB % @
2 9 .27 a2 29 @
J. .‘ 09 .,; @ 3 ‘,.J
(€ 'A) (C 'A) (C; 'A) (€, 'A)
4A" 0.00 eV 4B" 0.05 ¢V 4C" 0.08 eV 4D 0.18 ¢V
=
. ® b
° 9 " “ . 7
& ey @ L s ]
@ . 55.3 ." .
o " @ =@ 2
o 08, (S T A5
(C, 'A) (C, 'A) (Ca 'A))
4E" 0.21 eV 4F" 0.29 eV 4G" 1.59 eV

6 NaBO,(H,0),(n=0~4) Bl K H e 2RI FHEF

Fig. 6 Optimized geometries of the typical low-lying isomers of NaBO, (H,0),(n=0~4) neutrals
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