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Optical Properties of Yb(HFA-D); Complex for Laser Material
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Abstract

Perdeuterated hexaflouroacetylacetonato-ytterbium [Yb(HFA-D);] complexes were synthesized
by the keto-enol tautomerism reaction of Yb(HFA-H); in methanol-ds; in order to reduce the
radiationless transition to the ligands. The luminescence properties of Yb(HFA-D); complex
were measured in the following anhydrous deuterated organic solvents ; Acetone-ds, Methanol
-dy4, THF-ds, PO(OCHs); and DMSO-ds. The intensity, lifetime and quantum efficiency of the
luminescence in DMSO-ds were superior to those in other deuterated solvents. It was
suggested that the anhydrous DMSO-ds might be the most appropriate solvent for the liquid

laser material of Yb(HFA-~D)3 complex.
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Liquid laser material (4 x{2fiol= ofZ),

Luminescence property (4&54),
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2,4-pentanedione(HFA)(5.0 g, 24 mmol)/Methanol 2
we] EFEAE HUste §A4stn, oM EF W
&& o83t AAAT F, vty Ry A%y
A [tris-hexafluoro acetylacetonato ytterbium(II)
dehydrates Yb(HFA-H)3 - 2H01& |t o)d3}
Zo] Yb* o] Fgo ANEFSF9 WAAE ZHE
HAEA YO HE[Yb(HFA-H):]E FA4A - &8
32, AgA FE52HEY FAMR), 824713 H B4
(‘H NMR, “C NMR, “F NMR), 94 4 % Az
g 2HDSO%E 389 JEF Yb(HFA-H)
g ¥ATZE JESAL FHe F5 2¥EFY
EAREKBrA)IY 23 662(m), 743(w), 950(w),
1102(w), 1147(s), 1211(s), 1257(s). 145%(s), 1561(s),
1655(s), 2984(w), 3369(m) cm o]z, &=}y F9 B
A 2473E 'H NMR(TMS) ; 5.19ppm, °C NMR
(Methanol-ds) ; 55.46(C-H), 106.38, 109.20, 112.20,
11451(C-F), 129.01(C-0O) ppm, 'F NMR(TFS) ;
-85.114 ppm ©lTt. EF 2FIEBAN  ANI
Yb(HFA-H)s : 2H.09) ¥94¥4 (CisH/OsF1sYb1) Y
A3 AXR (C: 21.71%, H : 0.85%)F ZAHA(C :
21.72%, H : 091%)= & A3t oz g 2
25E Yb(HFA-H); #FEe EATZ: 899
Anti-Square PrismT %[4]2 A4€o.

- 130 -

o] ez Nf2o) FAHAW Yb(HFA- H)s
FEE 1IF FAM FuEL(CDOD)E ol&%
Keto-Anol B¥ W8S AZo2ZMN FFa XEH
Z Yb(HFA-D); #HE2 A% Yb(HFA-H):; —
Yb(HFA-Dh 2 2 BEHE T2 A& d&A
= 'H NMR, ®F NMR¢ o439 BZsgu. 'H
NMRZHY F5i4 XNFEE FAHAT ZEHA Keto
-Anol HYHE FAIZ ¥ C-H A% HAEAE
13104 0242 ZAHon AFNZRE FFAAE
€2 o 82 %YL & F AR =¥ F NMRE
o] B3] A7tz &x o WHile maEs FHAXNG
€S B33 27 'H NMRIY B9% AFE 9
2, ®F NMRY &4 Z#%& 29 19 dehdg 3
¥ 1022 %8 Ybh(HFA- H)iz FE& FugS F
A Keto-Anol YW Azl & F(a)e C-H d¢%
oA ue 154 F()= C-HAHH
C-D A% FHAYAH Ytz ULE ¢ & A
o}, tLo] wrgol PP v & C-H HE9
peakX| 7} €915 FAlol C-D A% peak’l #A
3] Jdebdg Holil gitd(e).

fa): 0¢C

{y:-20%¢
{c}:«40 T
(dy: -850 ¢
{e):-80C

a9 1 FF2X8 J3A
[Yb(HFA-H); = Yb(HFA-D)s]

@ g BEE FHAAFL AX MEHAY NE
Z Yb(HFA-D): #Ed st gAgolx wiaz
Ao Fed BEAHL A5 Hstd HFe] 1
I, EAo] Ae dg FFHe {78 FHsA
t}. Yb(HFA-D); #E&9e] Az AEH0A
718 F4A XNFE0) 9995 % ol ATk
Acetone-ds, Methanol-d;, Tetrahydrofuran(THF-
ds), Dimethylsulfoxide(DMSO-ds) % Trimethyl
Posphate[PO(OCH3):1E€ 44 AF&3r% 2™, Aldrich
Chemical At A F Y3t}



22 A3 EMo £F

Yb(HFA-D); FE499 E3 .35 WFAHE
¥ 2Ade 29 29 ¥ R AP £FAA
$5-25 A 2®(JASCO SS-25 System)& AH&3Y
. Yb¥olRe F3 . FFAHEY ZHHoE CW
Halrogen Lamp, #32¥EH2 ZAHdE CW Xe
LampE 71%doz2 Algsgen, £ F3w4
o2 249 9= HEYPez FAHAL

E3, Yb(HFA-D); #HELd9 2aPFye] £H
A& Nd:YAG #elAY A2z A=532 nm)E o
71A1%) Ti:Sapphire #@olA 2 A=930 nm #& 7]
FYPoz AERT 97 F=2e HAHYE(930+5
nm), HA30 2 IR78 ¥E§ MAstd 33 930+5
nm & Fo] #Holx mA ZAHAA £ =E
st

<i2 Xe tamp. & Xe fash lamp, D Spectrometer for excitation, @& Sample slage,
B Laser tor measurement, & Thermo-pile datector, U Hatoyen tamp,

& Sy

B for t, § Detectar(P
semicenductor)

+ Ge and InSb

Iy 2 aeds $F EFEA
SS-25 A 2=%(JASCO SS-25 System)

3.2% 2 ¥

Yool A A2 A5 7] fUA o5 o
Ag BAoE YO'FH AAF =g BaA 9
FAE WA AR Yb(HFA-D); FHESH9
83 EAS A 39 29 nEET ¢F
% £74 System(SS-25)& AlE3ld FRAdEY
2R3n, FHAHEYLE FE Yol ]9
Fgo 93 &dE dEtd HEATHS o)F

ANEHolAS AASY, FF2HEYE A&
. EFF2¥EIS 23T AT Yo(HFA-D) &
9 Z4 Aol guhe) FR wet FFay

o 3R ek 1o go fr o of

P &

EYY mjag WA BHolA g %A 935 nm, 975
nmoll FFHCFen)E YERT, F4 Peak HFL
975 nm 2A {7188 FF g&sA ¥z
Yb¥ol2 T FFEHL AU YT ¢ £
k.

CW Xe Lamp®9] 935 nm %S o71Fgdez Ag
st d32d¥EeRdS SHF A7, 33 985 nmt)
CFsp =F)ol A 7% L34E B2 £ YA
olg g Yb* o]Le #Fe & frEuFANE
#= N5ddxn, €37 E= Methanol-dys, Tetra-
hydrofuran(THF-ds), Trimethyl Posphate [PO
(OCHs)s], Dimethylsulfoxide(DMSO-ds)9 &£AMZ
F7)1 &l FHo Y& J&TE ¢ F Utk
Yb(HFA-D); #E° gslojxel {718we] FHd
g% @3} E 2HAINE vwsly Y 39 e
do) 2@ 3o} JERd vl gdo] ALSFE #7]89)
FAA HF ¢ 2R AZE YEE AL
Dimethylsulfoxide(DMSO-ds) & &2 AME&d H$
24, ol UF2HEYL gAY o|n], 47 Peak
$3& A=985 nm, YFAHEY ] X E(FHWM)
2 63 nm Jh

1 1 1 )] I M ]
—~ o -
3 A
L;: wolb } { ‘3 A
& i
2 b | | W roooy,
ag A THE.d
= 0 S AV 4 Vannuns
8 ( i Methanol-dy
= - s
o W ; A
gl %
£
E o
= fso0 900 1000 1100 1209

Wavelength {nm)

a9 3. Yb(HFA-D); 28N LdF=dEY,
¥, Yb(HFA-D); &9 % Decay® A3t
i, o] &% DecayZH-H LHF+EE AL A,
£ uj7} Methanol-d,Q1 3% 10us, THFsdsol M=
12pgsfed, AH 88 frEudFAN 718 20 dFS
H2 el A2 DMSO-ds2 A oluje] Bgsrwy-e
66 1 s T

- 131 -



ol g Ade TYY EATERE ZE NAHFA
-D); ZE(DMSO-ds ; 63 ps)3le) vlweted < 10
o] 21 wedeln] AR Buseld =
SAFe Yb ol wapsw[5ll6lTt 10~2004)
olde] 7 ArYEE AL Y& & 5 U

8, PO(OCH:)z S &ujz A} 43 AL 447
g HolA A FLelE BFEL 27pso] ¢34
4 YehdozA #olA mAZAMe Yb(HFA-D)
ZHEo loiAe QA &g sMEAl oiElA
= Fo] 7ldEHoAY,

o]4z o] 2A% Yb(HFA-D); FE&9 o
BEA B olm BRuFA e Yb¥rol Lo
WREA H@sed E 1o Yehdch B 12RE
DMSO-dsS £7l2A A}-83 Yb(HFA-D); 2E9]
ALES A {78 oA wAEAN Mg 4
# #A BG4S Jehdn g s ¢ 5 o

E 1. Yb(HFA-D); &84 335 £4.
Table 1. Optical properties of Yb(HFA-D);

complex.

Peak . . Eacitation  Lunw Ref
Sovens  Wavekngth FWHM Lifeime Wavclength  fntensity
(nm) (nm)  (us)

Materials

(rm) {(Fyn

DMSO-d, 985 63 66 9IK930 1000

Yi(HFA-D), POIOCH); 980 [ 27 93O 563

Complex

THF-dg 985 [y 12 933(930) 289

Methanol-d, 985 65 10 935(930) 28.9
Yb:AS Complexits  DMSO 980 %0 035 30
Yh:AC Complext™  DMSO 980 n 0% 508
Yu:AN Complex®?  DMSO 980 0 0.28 520
YHCR,SO, D0 - - 395 970
Complextc Me,SO - - 526 910
DMSOQ it d 345 970

® The relative luminescence intensity was
determined DMSO-ds using as a reference.

® Complexes of with hydroxyanthraquinone
derivatives alizarine red S(AS), alizarine(AC)

and 3-nitroalizarin(AN), Reference [5).
© Reference [6).
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