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T2HWT BT 7 AR E W TRO T A A4 ML Z AR L, Ihbzfiite LT
HW72GIEEW O 5 TR F (02) 2 v 72 BIRERL OB~ DI 22 W TG L 72,
ARFEHIZEEHEL L 72 BaRuOs & BaFeOs_sid. ATFEE WS Z & CREIMEZR & ORERE
EHBRLCEEIMEEAETL2F /R FEAGRE L TERITEBTHLZ LWL E L,
ZHAS OR-BaRuO; RE T A A ’25, O, DA EFRALAI L L72fi4 D ZAIVT 4 FOER
FRAL B TR U TN - AR & U CTREBE L 720 ROSFRIC I L 7=l il
At S HAVHWHRECTH o 720 fBERNE, 80, 7 W72 [RAARFEER, SRR IC L 5 X
ISR OMET X 0 . ARBLEGAS Mars—van Krevelen #12 L W #fT L T a EHEE S
72o F72. ERTMERAEZ A9 55 6H-BaFeOs_s A% 0, DA% BRALH & L 227N 7
V=D 7 IVH Y EBALIS I L TR 20 R v e 2 ARl & L ChRiET 2 2 & %
Hw2 L7z,

We synthesized perovskite oxides such as BaRuO3 & BaFeO;_; using novel amorphous
precursors prepared with dicarboxylic acids of aspartic acid and malic acid and examined
their catalytic application to selective oxidation of organic substrates with molecular oxygen
(0») as the sole oxidant. For each material, the aggregate of nanoparticles with high surface
area could be synthesized in contrast to conventional methods such as solid-state synthesis.
A rhombohedral BaRuO; nanoperovskite could act as an efficient solid catalyst for the
selective oxidation of various aromatic and aliphatic sulfides with O, as the sole oxidant. The
catalyst could be recovered by simple filtration and reused several times without obvious
loss of its high catalytic performance. The catalyst effect, 18 O-labeling experiments, and
kinetic and mechanistic studies showed that substrate oxidation proceeds with oxygen
species caused by the solid. In addition, hexagonal 6 H-BaFeO;_; containing high valent iron
species acted as an efficient and reusable solid catalyst for the aerobic oxidation of alkanes
without the need for additives.
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TTHY, EHET V) FHEEE Y ELRO T AN A PRIBILARICEETE 2w
EVosMEERH D, T, RO TAHA FHEEEO T VT 7 ARTERARA O H 5
PWCER L, 73 2B (7 AT FVEE) 2 V72 B OB R a RV — b 2B L
72o TANG X UBEGBIEREZH WS Z L TpH B2 LEL ST T ENL 7 7 AR
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AHFEHETIE, RADPMBECHELZ TI VBE2ELIY I VKRV B2 B0 R &
L7227 BNV 7 7 ARIERR" 2R L, 2N SAiARO PR COBMHEIZ L 2 LA D
M A OO T ZAAA MNERILWA R OIERIE & 2o BEARLY O SRS IR RS
LIS RO BWE Lz D, Ra 725 4 FEELY TdH % BaRuO; &
BaFeOs_; I2DWTHIEd % (Fig. 1)

Fig1l. Structures of BaRuO3; & BaFeO;_;. A site cations are omitted for clarity.
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Fig 2. XRD pattern, XPS spectrum, and SEM/TEM images for BaRuOs.

Table 1. Effect of catalysts on oxidation of

thioanisole (1) with 02 lal

S\ catalyst, 02 ~ 4 \
o e ot
1
Catalyst SBET Total Select. (%)
(m?>gh) yield (%) 2 3
BaRuO; 25 73 79 21
BaRuO;® 25 92 84 16
BaRuOs;l¢l 25 94 <l >99
SrRuO3 25 42 90 10
CaRuO; 4 3 >99 <l
RuO» 18 9 95 5
Ru(OAc)y - 3 >99 <l
Ru(acac); - 1 >99 <1
SrMnO3 42 <1 - -
MnO> 122 23 >99 <l
Without — <1 - -

[a] Reaction conditions: Catalyst (50 mg), 1 (0.25
mmol), -BuOH (1 mL), pO, (1 atm), 60°C, 10 h. Yeld
and selectivity were determined by GC analysis. [b] 1
(0.50 mmol), pOs (10 atm), 40°C, 24 h. [c] 1 (0.50
mmol), pOs (5 atm), 100°C, 4 h.
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B 720 0, % 10 atm 12 OZN@ @( @ Ny [oj

352 L T40°C L\ «‘) 1A 34% yield [60 h]ibl 46% yield [18 h]icl  71% yield [60 h] 69% yield [60 h]ib.c]

LEBTICBWTH ndE  Fig3. Substrate scope of the BaRuO ; -catalyzed oxidation of

TL. AIVERF T FEREK sulfides. Reaction conditions: BaRuO3; (50 mg), sulfide
. (0.5 mmol), #BuOH (1 mL), pO. (10 atm), 40°C. [a] 60°C.

> . =
LU 720 =Ty DG & [b] 80°C. [c] BaRuOs (100 mg).

100°C TA IR ¥ %8R 12
/5 ENTE, ISR L ) BIWEOHIBEAHETH - 72,

FE#% D BaRuO; 1 A2 & ) BESHICENT &, fliEOPEREICZ L7 { R EET
Hole Tl BHICHBEZBRE L2 E ZAMIBIZESIELL, £BEOBIR~DY
—F VT RMERI NG o722 06, BRI TR ET L TWE I ENHLNE R
ol ARG 2 DOFHFEL X ORIEA V7 4 ROZANVEKF T FAORIRWEILSOS
WA RETH o 72 (Fig. 3)o F72 FIF AT —NVTD4- A NFIFFTZV—IVOMRE
ALSOSIZHIGHTE, B AIVEF T B2 1.20 g (71% PER) HEERUTRETH - 720 KE
ALIRBE DS EE 722 2 X2 F 4 7 = ¥ ORALRIE TG % AV Y ABAEPER TR L7z,

Ar FRAT TORIGHE 80, 2 H 7z ARSER, SRR OGS 2 5. BaRuO; H
DOBFTHBEEANVT 4 FERIG L TEBILRISAETT A ENHL 2 E R o720 LD
L5, &VF = ALY O SUGES 1 Hy-TPR 20 53K D 7235085 & ML 2 5 5
72729, KT =7 AR O W —E RN & F v TR R E N O IR R O 22 LI K
IANF—ZHMH L7z, BaRuO; ORI LA ERFZ /N EOBEFE IR D 22ILIC% ) 25w
&, 728 Ru~OEILIED T AV F —21bid BaRuO; 2 b/hsnwZ &, 2815
Nelp otz DEDORERL D, BaRuOs FOBEER T2 e L3 <, 012X ) FH
OTEE R BALIREEICR D T W e 2R LTEYD, DX ) RMEE% DD BaRuOs 234K
mtﬁwf%%%ﬁkiﬁﬁéﬁﬂ%%t TWa EHER L 720

3.2 BaFeOs ;fiRIc KBTIV DFIREEI{L RIS

7 3 I X ) A L7z BaFeOs_s @ XRD /3% — 213577 i 6 H-BaFeOs_ (Z2REE P65/
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Fe;03. BayFeOy) \ZHIKT 2 Ao/ &

— VI3 fE R S 9, ICP-AES & il W 7- g8 o g
BaFeO;_s DILH 54142 & Ba : Fe O VA | 25 = o

1:1 THotze I—FA M) =X KD Fe 28 g & = g
ORI 3.8 TH Y. BaFeOs,lcb | SO S S SN
56 DEPFK0.1THLI XL R

5725 BaFeOs_; » XPS Fe 2p A7 kLTI, -nuthuﬂLL%ﬂanLun;
709.7 eV & 7116 eV ICENETR Fer kv 0 * ¥ LN Y P F
Fe*fIZIF/mEINL ¥ -7 BER I T, Fig 4. XRD pattern for BaFeOs_;.
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BaFeOs_; DIt FfifkI% 11 m2 g! '  Table2. Catalyst effect on the oxidation of adamantane

HO, ZhFTOMREM0.2-6.6 with 0"
m2 g_1> l V) %) j‘ % %))O f:o BaFGO?,_(; o OH o) oH
N , catalys + + +
> SEM 4> > Ki-F-££1¢ 50-200 nm gg¢%§g§ ﬂ;/ﬂyéjéuH
*%EFXT% @) f:o
\ . Selectivity (%)

1 atm @ O, ® A % ﬁﬁ'ﬂ:%ﬂ L L7z Catalyst ‘(SBFET 1y (Y;/le)ld 1- ;’_ 2- 1,3-
W7 ) =T ¥~ % Ol e ° ol ol one diol
}im % }\ ]) 7 L j‘ ANV BaFeO; 5 11 29 76 7 11 6

" . ] BaFeOs o 11 30 8 7 6 s

(PhCFs) B CTITW, flie OO BaFeO;[b,c] 11 30 79 7 7 7
T AN A ML B X OERERILY o BaFeOs™d 11 31 77 8 7 7
UL 5 12 > W TR A L 72 (Table  StFeOs 20 27 76 8 10 6
. . N < CaFeOays 28 <1 - — - -
mo£L40®%m%0:797/ L aFeO, s o0
¥ )=, 2-TEF< V¥ ) —), 2- BaFe 04 14 <1 _ - _
TR ) vBIN1,3- T~ Fe>O;3 39 <1 - - - -
VI YT —V) DR S, ?§4 f <: - T
N e < _ _ _

BLOFHFCR, JUBHER L: oo o T
Motz HiA OfEEDOHTY, Fett BaMnOs 25 <1 - - - -
% & BaFeOs_s & SrFeOs; A3 E W StMnOs 47 <t - - - -
A=y R He = CaMnOs3 11 <1 - - - -
fgEYEZ R Ly A /b§ BaRuO. s U e .
%) D BaFeO?,_g @%ﬁ%% f: V) O)‘(ﬁ without _ <1 _ _ _ _

iz, HEEAE2Z=v + 2L O [a] Reaction conditions: catalyst (0.1 g), adamantane (0.5

e 0 - . mmol), PhCF; (1 mL), pO2 (1 atm), 90 °C, 48 h. Yield and
SrFeOs @ 2 fif 12 B & 2 - 720 selectivity were determined by gas chromatography (GC)

CaFeO,s. LaFeO;. BaFe,0, ? X analysis. [b] Adamantane (I mmol). [c] Reuse (Ist). [d]
5% Feb/Fer % Gromibms i o o

&k 1 1t ¥ (FeO. Fe3;04. Fe;03),

Fe (OAc) » % Ba (OAc) » % & Ol BRI YE 2 IR S 2 h > 720 Ba ® %\ id Mn N —
2DRAT A S A4 MEALY (BaBOs (B = Mn, Co, Ru) & AMnO; (A=Ca & Sr)) # H\w7:3;
Hb. BALSUSIEIT Lo 720 USEHORELZIT o728 2 A EFHIERIE 67% 12
EL, ZOMWIZRMY 7Y =AY —-ROPT2HEHICE P72, 720 C-HHEGHT
AL L7z 3k /2 HaRIRUL (3°/2°) 1229 TH ). SIEMBLIC X 2T P A VIBLOfE & [F
FEETH -7z BaFeO, fillfitid 2 1L ¥ TIZ CH, % CO DEEMAL. NOL . B XL UEK
LA ORI D WTHIE E TV B 25, A TOHERRBISNEHIZ IS SN Tw v, @l
FabBe LenwT ¥~y Y ORKBILE TR L 32 HARFICEE AT 2 8B1LY
N— A DFEREE DR D TOHREBITH %

TV E Y OBALSOSHIZABEIZ X ) 2R L. A O A Z RFESFHST THEL
L7225 RIS IEEIT L e d o720 T 72, ICP-AES 7412 & RSB~ D Fe £ 7213 Ba
DOHOBEMIIHER SN LD o722 L2 6 RERALRG S BaFeOs_ s AR LK L CTHAITL T
WA ZEDIRBEEINT ROSHMEIZABEIZE D ESIZHITEETH . BNk o
XRD 787 — V2B AR ELREALIZ Do 720 BIUMBLITEES X OERRPEICEIE R < 2
W FHAHTEETH . BaFeOs_ s D WL EVEDHERR S L7z,

Al RIE O, DA ZERALA & L 72H 4 O jRALKFZFHOBAL OIS EHTTHETH - 72
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(Table 3), 7%~ v % viFELK Table 3. Substrate scope of the BaFeO;_;-catalyzed oxidation

Q1-ZF VT ¥~ % v, 1,3 of alkanes. !
VRAFNTEYE 7) D 3k Substrate  Time (h) Product (Yield (%))
C-H 5 & 2% @ IR X 1, OF

s 53T Vva—E %
NZEN42% B X O 31% KT
H.2 720 ciss TH) YORIBT
X 9-7 4 a9 — W(cis/trans =
26/74) DVARBVERIR G WA
Mo, 9-TAHYNT T AV
WK D AL & AR AR &
nize BIETEH DL DD,
vouakrry o228k C-HE
IS T ATV —
Ve hrnBEont, 7.
ARIITVEFLT L —VEOBE
fLIZHHERTHY, 7Vt L
XY T LRI T AT b
YRFENFINE9% & 95% I
THEK L. 7T &4
F¥oTik, ThVaI—VEF Y
DIREWHIE D NIz OH
BaFeOQs ;fillfi 2 X 5 7 ¥~

D
v VAL BOS T BOS I
=S 1 7 . I [a] Reaction conditions: BaFeOs_s (0.2 g), alkane (1.0 mmol),
n)bﬁ 23 ﬁﬁi I 7 DRI PhCF; (1 mL), O (1 atma), 90 °C. [b] Ketones (6% yield). [c]
P (2 ,6- 2 ~tert- 7 F N -p- 7 Ketones (5% yield). [d] #- Octane (1 mL), 80 °C.
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iSOT%oto%ﬁﬁ%3/Tﬁf)TﬁU-W@i@% WrEtT—7 0256, KE
LBUEE 7 ¥ 1 VM THEAT L. BaFeOs ; O JEFfigkA4 F Vi L 5 KE Z R E D
BB CTH L EHEMI SN D1 atm D 80, (97 atom%) & W27 ¥~ > % Y IBILIZBLY
51-THFXYY = NVHOEB0 FHZE(96-97 %) 225 b ARSHEELY ZHT5 DD
LEZbNA,
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Fig 6. Proposed reaction mechanism and mechanistic studies on the aerobic oxidation of
alkanes with BaFeO;_;.

HIEERWE L, RFETHEONRTT AN A MBI IAESRHOfliEE L LT
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W2y BT LWERE - 2 K TR OSBRI DI Lo2oH 5 28, 4%k, Thb T
J RS S NSRBI X A, O R % & FIRFE M EHCH 2SS S,
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