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N TERRYE SRR B S ALK BN B A BT A5
ASTT K B ER T (HBI) Y 56 40/ IR 2 £ 2 Mn
(V) B, B A Mo CID) AN AR 28 467, 25 67 &
ik 16.7% ,— & /AN 3 & T T2 ALK
LR Villalobos 48 1B R X 5 4
7 S W TR 1 B AL, 0 5 T K BN AR T AR A 1 N S
by QNI NN BN T NI VAR o =l T
(Mn®*7* K* H"F1 H,0) #7318 43 4 e 5 B 36
R R A R YO P & R
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JiKGNERBT, HRR VIR JE BB B R 84
10 nm, W 7E ¢ fhJ5 1m) AL 2-3 2R, 25 5 i
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il R B A o IO R A TR e R R Y, RIS 2
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FERE R S P PE IS L 4 0.7 ml min ' g 24 B0 A
45 53.3 45 f166.7 ml 6 mol L™' %% 35 ml 12 mol L'
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Sy E A 10 s,

HI TR T K AR A AT 4 A5 A, e K
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i if trial-and-error 3 B A7 A A A9 B AR
Orléans K 2% H{ Alain Plancon Z{#Z 1 J. Fourier X
f) Bruno Lanson ZfZ 52 it . 7K 84 5 4 i 535 o £
JE X 3 (35 ~80°20) (11,20).(31,02) F1(22,40)
FT P (L T IS0 — 4k 5 MR A7 16 AR A ) 7 47 440
P2 R RN AN TR N (o A TR o
MR &M 5o A AT S X (5 ~35°20)
(000) 37 5y e , ML 388 2R 22 ST K B BR 07 1 ¢ By
RRTEIE S N N
1.4 X ST&RUEiE

BEG IR MER SRS Mn K 31 X 2R e i 7%
T A& AF T AE AL 5UIR] 20 8 G e B (BSRF) IWIB JE R
bR BETFIR I TORRER N 2.5 GeV, it KK
TSR 250 mA, JEHA R AT Si(111) B 6
FLOBER PR R (1 ~3) x107" eV, K@ E KT
4 x10"S6F/F RS 8 0.9 mm x0.3 mm, R
JIHL B % (Ton Chamber) 7237 55 855X T R 4E Mn K i
Ui % (XANES) F1 97 & 3% (EXAFS) . <)@ Mn
JEPEATRE R R IE (6 539 eV) o I/ i I i, R
DL 3R VR N B KR T0% . Z RS (=3) K
it

T Bl T SIXPack R HEAT 5 2 BRAIH — 14K
REEEY L PR KBRS BN E, =6 555 eV, Rbkg =
0.9 A and k-weight =3, 3@ 3 % &*FL A9 EXAFS 3

PEAT LA 15 5] Mo J5 7 J5 38 B0 47 9 55 11 45 44 2 80
(R, o, f,..) 2o B H1 2 5B 00 MBS R
i bR K6 FEFF7 3155 0 §7 B AE R 25 i) #E 4T
ELEHAERBAY R JEHE A2 ~12 A7 RS
BIh 1 ~6 A, fiiE R 5 T Soii 1814 MnO 45 ifi
WIFEAE 1 ~3 A S N Mn-O  Mn-Mn [t i 52 5 @
0.973, BIASE R LI FILA 7AW (1) St
ZHUR B FRF-J7 (Chi square) 5 (2) 4544 2540
ARARHEYE; (3) ALK EXAFS 35 7E k23
[ R 25 [B) W) & FE
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2.1 HmEAXRER

¢ 5 HB1 HB2 'HB4 HB5 Fil HB6 1 3 4 i fk
PERRS T3 1, 87 39 F A0 2 B W AR, 43 00 A
3.92 3.91 3.84 .3.83 13.67, X KM 25
o Mn =B +4 25, IR AE D B Mn® 7
LB A BE AT 3G 0 o A il Min 5 £ Hy 49. 6% 3
HNZE 53.6% ,K/Mn FEE/R L 0.23 /£ 0. 12, X
—J7 T o AR A AL R s s 0 B2 B
H A7 980/, i 5 T A5 )2 VR A 0 BH S e s O — O
AT A2 AR 4R Ak B2 A o )23 (8] A7 78 48 2 B I 4, 3 2
Mn® "7 #5 K™ 8 g A 20 )2 o ff . @it N,
Py B AR 4 BET A5 AL 2 i) A b bE 2% 1 AR
BTG n . HB6 B LR R AR 24 HBL (19 2.7 %,

®1 FRAEUEANFKRNET HERLFEDTEHE"

Table 1 Physicochemical properties of the hexagonal birnessites investigated

P i Mn & & K/Mn JEER T AL BTN Ph? * 5 K I i ik
Sample Mn content( % ) K/Mn molar ratio Mn AOS SSA(m? g™!) Pb** adsorption capacity (mmol kg ")
HB1 49.6 0.23 3.92 26.5 2 457

HB2 50.5 0.20 3.91 27.0 2 391

HB4 51.6 0.14 3.84 30. 6 2 082

HBS 2.8 0.11 3.83 53.5 1919

HB6 53.6 0.12 3.67 72.0 1320

1) % bt 26 T AR B3 41, HoAh %4 5k B T Zhao %:8] Except SSA, all the data are cited from Zhao et al.

2.2 #H& XRD

2.2.1 EMESHT FEMER S XRD #1353k
HRIE RIS T KB — B, JLRF RISy 0. 72 nm
0.36 nm.0.24 nm.0.14 nm 1 0.12 nm, 0.72 nm
F1°0.36 nm WEXF Fx, Sy 001 T 5 A7 5 0 , 43 591 X 1ir
(001) ,(002) T [¥ 5 & £ Ji (30 ~ 80°2 0) fiT ¥ %y

hk 75 4500, 0.36 nm A7 G g 9RO E T
0. 24 nm 75T , 33 25 K 2 K 9 56 0 S A IURL IS ¢ Bl
7 i) o B 14 S 1 3% B R\ TR 2 B B A Vil
lalobos % "* i 3 ) W2 M K BN 46 0 £, 45 P i R
If, 0.24 nm 0. 14 nm F10. 12 nm 5 5.0 — 4 5
f(11,20) . (31,02) ,(22,40) % i I 1) 177 5t 0 —
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P (11,20) ST 5 (31,02) fif 5 I 2
H 2 R /3, 3 1 B T A5 K 4N 4G B B A S Oy xR

Bifl 5 S P02 BRAIG, B T 19 B LS 0 o D b BT RS R
i SR bty 2.838 A W AN % 2.848 A,iX 5 Zhao

AR BAE S (110) g T ] B A8 4k B0 2 — 3
1o 18 a-b VT b 5% WU RSF (CSD) & s /),
H1 12,0 nm J8/Ng 7.0 nm, 72 ¢ Bl 75 1) 3 B A B 4
JNTHARJZ BB K, 292 10.6 ~13.4 2, /& Vil-
lalobos %‘”?&ﬁﬁ’}@&f@k%%ﬁfﬂ’] 2 %,

(31,02) AU 9 X R HE ARUESE T 36— 2300 A
] L FE B 0 5 W5 0 25 1

0.72 nm

0.36 nm 0.24 nm

Diffracted intensity
Tt o B

PeaTR

Diffracted intensity
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Fig. 1

X-ray diffraction patterns of hexagonal birnessites

different in Mn AOS

1AV Position (°20)

2 (11,20),(31,02),(22,40) fii 4 7 52 40

2.2.2 EESH I ] trial-and-error J5 3 , i i WHCRE +) MUAE ORE5EL)

X‘j‘iz%\ ﬁ]J ﬁé EII:I':I Eé,ﬂj 1:/4] %u E I‘ETJ % 1:/6] 72/% %& E(J iﬁ % , % ‘j\] Fig. 2 Experimental (black plus) and calculated ( gray
)2 [R]85 04 Ao R TC A7 DR 1 — B0, AR 4% B o

A RBEATHOR R T LRI R E . UG

lines) intensities of diffraction bands (11,20), (31,
02), and (22,40) of hexagonal birnessites different in

Mn AOS
sepe [ 3,15 %
SR MR T 2 2 M3,
R2 FREMLEFRNBEHE
Table 2 Crystal data of samples different in Mn AOS
B R
=]
FE i a(A)D b(A)YD dgg, (A) Average crystalline size R,,*
Sample !
D(a-b) (nm) N(e)
HB1 4.916 2.838 7.182 12.0 10.7 0.08
HB2 4.919 2. 840 7.252 11.0 10.9 0.09
HB4 4.922 2.842 7.211 9.0 13.4 0.09
HBS 4.924 2.843 7.227 8.7 10. 6 0.08
HB6 4.933 2.848 7.148 7.0 11.8 0.07

1) 34 (31,02) A4 A A0 B 3 F Values determined from the position of the (31,02) band; 2)a-b [ CSD F/N D 5l 2 4004 (11,02) 77 5745
R o e By 1) R/MR B (001 ) 477 5 e £ P 4 2 22 2T B80S BE = 0. 894/ (FWHM x cos) (Patterson, 1939) , ¥y ¢ iy HERJZH N = 1/dgpy +
1, The CSD size is expressed as the mean diameter of the disk-shaped domains in the a-b plane and as the mean number of layers stacked along the ¢ ax-
is. The former was obtained by fitting of (11,20) diffraction band while the later was calculated using the Scherrer formula with the ~0.72 nm peak ac-
cording to [ =0.89A/(FWHM x cos®) (Patterson, 1939) and N =1/dyy, +1;3) i1 & F BE AT 577 (35 ~ 80 °20) $81 & 15 5| obtained by fitting of high-
angle diffraction band (35 ~80 °26)

HB1 HB2 HB4 HBS Fil HB6 £ 4 2 A Mn fi
S A (S, 4y 3 0.82,0.84,0.86,0.87 il
0.92, B4 S /\ T4 JZ 9 28 A & gl 0,18

0.16.0.14.,0. 13 1 0. 08, fii T2 i b T 77 BG4
(Mn®"" ) & 543 54 0. 004 0. 006 .0. 05 .0. 14 F

0.15. ARIELRW FEAR pH(2.3.4.5) ZAF T H
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=RK R R AL BT AR ON T ORI R Y A A
16. 7% =343, 23 b T J5 77 A8 45 B i AR AN B R F 1
PSR A  E AR S A B S [ A N
JrRENAER 0 28 FUAE dh Hf R K R i HB1 HB2
JENNHR A AL E R J5 LA S AR 4 2, AR

.

EACHERE G HBS (HB6 M S A £ 1 M® 7 i

AACRE KA 250 2 o R i HY A KT
-, X 5L P Mg i R R R AR 2 H
K* A A I F) Mo B 25 A — 2 . R
BEh b K 545 %4054 0.19.,0.17 0. 13 ,0. 11 F0
0.11, ffiJZM 5 Mn** 7" K* 45 & MKy F & A
KA TF i i ok 0,58 .0.53.0.61.0.75 F1 1. 02,

x3 TRAEHLERRNERSY

Table 3  Structural parameters of samples different in Mn AOS

¥ fii {37 Coordinates'’ 7 45, 545 % Site occupancy®’
Atom N y ¢ HB1 HB2 HB4 HBS HB6
Mn (Mn, ) 0 0 0 0. 82 0. 84 0. 86 0. 87 0.92
Oy (0y) 0.333 0 1.00 2.00 2. 00 2.00 2.00 2.00
"“Mn (Mn,) 0 0 2.15 0. 00 0. 006 0. 05 0.14 0.15
Op,p (05) -0.333 0 3.40 0.01 0.018 0.15 0.42 0.45
K* -0.203 0 3. 60 0.06 0.06 0. 04 0. 04 0. 04
K* -0.4167 0.125 3. 60 0.06 0.06 0. 04 0. 04 0. 04
K* -0.4167 -0.125 3.60 0. 06 0.06 0. 04 0. 04 0. 04
H, Ojusentayer (O5) 0. 200 0 3. 60 0.19 0.17 0.13 0.11 0.11
H; Oiertayer (O5) -0.100 0.300 3. 60 0.19 0.17 0.13 0.11 0.11
H; Ojiertayer (O5) -0.100 -0.300 3. 60 0.19 0.17 0.13 0.11 0.11
H,0,,.. -0.333 0 3. 60 0 0 0.08 0 0.25

D) FETFEAE x 1y LGRS E a b BN BER o o Bl Ar ¢ B A, LASE IR J2 9 A2 W)\ IfG (R 7E B9 )2 i . Atomic coordinates x and y are
expressed as fractions of the unit cell parameters a and b, respectively. Coordinates along the ¢ axis ({) are expressed in A to emphasize the thickness of
layer and interlayer polyhedra;2) Debye-Waller Fl 7 7£ 481 4 i F2 1 [ 2 . J2 4 Mn,0.5 A% )25 O FIUZ[E Mn, 1.0 A?; [EJZE Mn 54670 K5 T,
1.5 A% ;K" R ILH A7 K48 F,2.0 A%, The Debye-Waller thermal factors ( B) were fixed 10 0. 5 A% for Mn, , 1.0 A% for O, and Mn,, 1.5 A? for H,0

molecules coordinated with Mn, and 2. 0 A? for K* and its coordinated H,0 molecules

2.3 X SR eiL

2.3.1 X SRR 1 45 84 63 ( XANES) X
SR MR WSO 1 A5 A OGS Mn K 30 3% B 1 07 5 0 4 4
P25 A A et S KR AR (M) K4
H (Mn'") MnO(Mn**) {1 X §F 2% WG 14 25 #9 5%
TR LR B /N T 5 4 A A5 BURE B A M M
oMo F i (F 3, % 4), AR E AL RS R
Mn*" & &/ 3K 85.97% ~94.18% ,Mn’" & & K
2.75%~8.25% ,Mn’" & &0 HE K 2.55% ~6.05% ,

Normalized Absorbance

I. PRREPUN PSS S S RS T S S S S S S RS T S S S S
6540 6555 6570 6585 6600 6615

1 U¢ 4% £ @h HB1, HB2, HB4 HBS fil HB6 f9 Mn
‘ fE& Energy (eV)
AOS 53579 3.92.3.91,3.86.3.80 A1 3.80, X5
B3 R[RAALEERE S Mn K 31 XANES

L - A 0 S 4 R 3 A —
(4 1) o (LR HBG 4 BT 78 1L % 55 T # R
S D55 5 R 0 5 2 P Rl HUBG B o2 ]
EH S M’ FEEC(fE PY®T R B R A B
Mo® )

CTEL e 5] Bl o S 3 i , SE 4R A 51 )
Fig.3 XANES spectra of hexagonal birnessites different in
Mn AOS (solid line represents fitting data and circles experi-

mental data, using Mn'" ( vernadite) , Mn’* ( manganite ) ,

and Mn’* (MnO) references)
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Table 4 Fitting of Mn K-edge XANES spectra of hexagonal birnessites different in Mn AOS

5 —Ab 5% 22 - I il

FE 5 Sample Mn** (%) Mn®** (%) Mn®* (%)
Norm. sum-sq. (10 7°) D
HBI 94. 04 2.75 2.55 2.89
HB2 94.18 2.95 2.92 5.57
HB4 91.28 3.01 5.30 4.06
HB5 85.97 8.25 6.01 7. 94
HB6 86. 74 7.51 6.05 5.26

1) Norm. sum-sq = sum (., =¥ a1 ) 2/ (sum( Yexp) )

2.3.2 Y7 X G WOBORE 4 25 7 6% (EXAFS)
P XS W SORS Al 45 44 D' 15 ( EXAFS ) BB % 1%
) Mn FE [ 6 A 5 [ A 2 R A ER L OR
[ S AL BERE G 9 Mn K 31 EXAFS 3% B A oL 3
W TR AR 3300 B AN [R] R i 1 BEAS 45 44 Fl Min
Jay R C AL FR B AR ] (1] 4a) o
JEMRK R H™ XAFS 3% 78 k 25 [l A = A Fe 4k
We:6.8 A" 8.0 AVHI9.3 AT KRR A AL B
FRAPEK G40 7 EXATFS 3% H, 32 = A ¢ i 06 B AR AR
Bl UESE TS 5 X FRE, 5B R XRD 25—,
8.0 AT IR SR S5 Mn " HEBIA K. AE AL
IKENER B H 2K UG oy B4R WL | T AE 7S K BN R
PRV N L, B Mn AOS [R{IK, 7649 6.3 A" Ab i
BT —A/NE W Can & 4a Hr iR ) U R AR AL BE A
mP A NHAKRZN SN ET I EAERZN
Mn? 20T e 8 6 AT - AN B I, HLH
SR BE AT IS N . %V IR AT RE 5 N T K AR T A5

T T T T T T T

FT Magnitude

LT B R Ma® P 5 56, J2 ) Mt
O UG SR R

FE i EXAFS 3% i 8 5L 25 460335 4 18] 4b s .
FE FT AR rb A B Y 2 A5 85U 4R, 40 90
Mn-O 3 (R + AR %) 1.5 A) f13L i Mn-Mn 5% (R +
AR#52.5 A), BAN, 765 A (R +AR) i 4 1 &
MU, %0 E R 2 5.7 A fY Mn-Mn 50505 0
s A Z BB o NIEL 4b ikl L E
F|, )\ HB1 | HB6, 45 — Mn-O 7l Mn-Mn 3178
1) A1 W S A 05 o 3 N 3% 2 1R T B B AR R AR
A4 SRS ORI N

TN EXAFS FRAGE 55 S, XAE AR [ 43 A
PREL(RDF) 47 T & Z HEU BRI G, &
FRALE 25 % FEFF jg42 G2 & S8 18,/ T
LU BT ARV R A 32 YL LA
TLE 4 .35 fE6,

B LA 45 A AT A0, AL HB1 %] HB6 4544 1,

k(A

R+AR(A)

Pl 4 AN SEALEERE S Mn K 3 k' -weighted EXAFS 3% (a) R HL 28 45 4 15 43 A 56 40 (RSF) (b)
(R A sl ORI A 1)
Fig.4 Mn K-edge k’-weighted EXAFS (a) and Fourier transformed EXAFS (b) spectra of hexagonal birnessites different

in Mn AOS (black solid line stands for experimental spectra and dotted line for fitting )
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®£5 FREMEKBET HERT Mn L& H

[oES focc B BEMETEMNETF
, the out-of-plane bending

angle (B) and fitting evaluation factors of hexag(mal birnessites different

in Mn AOS
B L BGE pom
Sample (a axis) (b axis)
HB1 0.74 0 3 0.008  450.0
HB2 0.72 0 3 0.005  571.4
HB4 0. 68 0 3 0.011  544.0
HB5 0. 67 0 4 0.007  574.4
HB6 0. 66 0 6 0.008  490.7

1)R AT R factor;2) x>, K J5 Chi squared

*k6 AEEKE
Table 6 Coordination numbers (CN) ,

ANFKEET Mn K i1 EXAFS £ £ S5 SR 4&

[Mno ]/\ﬁﬁitﬁ Mn-O F- Kl 1.89 A5 o
a) o i /AR H 0 Mn-Mn S84y 2. 86 ~
2.87 A(lzl 5 b) . LR T Mnl 5 AR
[ MnO, ]\ P45 T 1955 — Mn-0 5% (&S H c)
SEXg K R 3.50 ~3.53 A, 45 = Mn-0 S5 (& 5
d) kK H 4.64 ~4.66 A, Xfff Mn-Mn (& 5
Hoe) FBEE R 5.02 ~5.03 A, AH[EFE MnO, |
VI A0 Mn-Mn ([ 5 A f) KR 5.69 ~5.72

e R 5 SOk AR — Y TR A S i
R J5 M A $04 0k 0.2.,0.3.,0.8.,0. 8 Al

KB 2 T KR %4y R 2.0.1.0,
0.7.0.8 F10.6, XULHIFZE Mn AOS & ¥ FEA%, 7K
BN 2 B B S £ i KT A s, X S

SHMBAEE LS K Debye-Waller FF

bond lengths ( Diat) and Debye-Waller factors (¢”) obtained from fitting of hexagonal birnessites different in Mn

AOS using Mn K-edge EXAFS full multiple scattering model

Fic iz 5¢ HBI HB2 HB4
Shell” CN? Diat (A) o’ CN?) Diat (A) o’ CN? Diat (4) o
Mn-O(a-1) 4 1.87 0.010 4 1.87 0.011 4 1. 89 0.014
Mn-O(a-2) 2 1.92 0. 002 2 1.91 0.001 2 1.90 0.001
Mn-Mn edge(b-1) 2 2.79 0. 004 2 2.79 0.003 2 2.79 0.003
Mn-Mn edge(b-2) 4 2.90 4 2.90 4 2.90
Mn-O(c-1) 4 3.44 0.012 4 3.44 0. 008 4 3.46 0. 001
Mn-O(c-2) 2 3.62 2 3.63 2 3.62
Mn-Mn corner 0.2 3.49 0. 005 0.3 3.50 0.003 0.8 3.41 0.011
Mn-K interlayer 2.0 4.17 0.013 1.0 4.22 0.012 0.7 4.23 0.012
Mn-O(d-1) 4 4. 46 0. 009 4 4.51 0. 003 4 4.51 0. 003
Mn-0(d-2) 8 4.74 8 4.73 8 4.74
Mn-Mn diag(e-1) 4 4.96 0. 005 4 4.96 0.001 4 4.97 0.002
Mn-Mn diag(e-2) 2 5.13 2 5.13 2 5.16
Mn-Mn next(f-1) 2 5.51 0.003 2 5.49 0. 002 2 5.48 0. 002
Mn-Mn next({-2) 4 5.78 4 5.79 4 5.82
HBS HB6
Shell" CN? Diat (A) o’ CN?) Diat (A) o’
Mn-O(a-1) 4 1. 89 0.015 4 1.88 0.012
Mn-O(a-2) 2 1.90 0. 002 2 1.91 0. 002
Mn-Mn edge(b-1) 2 2. 80 0. 004 2 2.80 0. 005
Mn-Mn edge(b-2) 4 2.90 4 2.90
Mn-O(c-1) 4 3.45 0. 004 4 3.47 0. 004
Mn-0(c-2) 2 3. 64 2 3.67
Mn-Mn corner 0.8 3.51 0.012 1.3 3.49 0.018
Mn-K interlayer 0.8 4.18 0. 004 0.6 4.19 0. 006
Mn-O(d-1) 4 4.48 0. 006 4 4.50 0.003
Mn-0(d-2) 8 4.75 8 4.73
Mn-Mn diag(e-1) 4 4.97 0.003 4 4.97 0.003
Mn-Mn diag(e-2) 2 5.16 2 5.16
Mn-Mn next(f-1) 2 5.49 0. 004 2 5.50 0. 005
Mn-Mn next({-2) 4 5.83 4 5.83

D) f8 B O BT SO R AR (B ) BTRLA B R IR The *letters and digits”
respectively;2) [ 7 2§ Mn-Mn Mn-K 4}, T A %42 i e 17 2[5 % Coordination numbers of all the paths are

tion shells (Fig. 5) and sub-shells,

fixed, except for CN of Mn-Mn corner, Mn-K interlayer

in parentheses denote coordina-
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OO0
NPT NN

\

ey

& 5

Mn 1 B U5 Absorbing atom

V Z3fif Vacant sites

a%— Mn-O 5% First Mn-O shell

b 335 Mn-Mn 5% Mn-Mn edge shell
¢ 48— Mn-O 5% Second Mn-O shell
d %5 = Mn-O 7 Third Mn-O shell

e X Mn-Mn 5 Mn-Mn diag shell
f #41H Mn-Mn 7& Mn-Mn next shell

AN KA [ MO, )T PRS2 BLALE M (R 29 6 A )R BRI (J21) Mn® "7 K* R i)

Fig. 5 Schematic drawing of octahedral coordination structure of MnO, ( Interlayer Mn>* /** and K* not included)

TLRAM AR E B (K D).

HB1 HB2 HB4 \HBS 1 HB6 % 4 /\ Wi {K 2 i
M Mn 7 5 b A R S50 0.74.,0.72.,0. 68
0. 67 F1 0. 66, I DA 4 4 /\ THI < 25 (5 R AFURE A /)N 3
AR SRl &K = Sl 3]
Mn® " BRICZ I AT RE S A Z Mo’ 5 2 Py ol g
A ATERAY Mn® T MLy M’ S RN, 23
A 75 S 1 Sy B8 (Jahn-Teller 2% 57 ) o h 1 14 %
ZER I RS AE , b A L 7 Ao T Ak A g R el 5
Fro LR EEE Mn AOS FEAR, 5 A /\ 1 {42 75
a BRT b 75 ) TSNS T A B A S, Ul
TARAALEERE 2 M 5 BE AT B4

2]
5 B 00 R T 22 LT 707 B,

4.00

30 i

a

395
Y=3.473+2.613X

3.90 | R*=0.97

5 P-4 ALE Mn AOS
8

0.08 0.10 0.12 0.14 0.16 0.18
48 Vacancy content(%)

& 6

HB1 2| HB6 i ik (31,02 ) 477 5F 717 (4 2 8 4 5 H: iy
M8 b 4> 51k 2. 838 A 2.840 A 2.842 A 2.843
AF12.848 A, SV ALE 5SS 5 b Z A
HRBERHLE(n=5, a=0.01, R®=0.919 1),
X5 Zhao %" il 3 4 4T £ /E M AR S ),
A I B . BEEKANER ST Mn AOS 3 7 %
I, Mn 5T &\ 28 % 5 49. 6% Hg & 53.6%
PHES 7 25 0 & il 18% Wl/N 2 8% i S /\ T 14 2
BRSBTS BB K. i
— i, Mn AOS 575 v & & 2 A B 35 1E A 2% (
6a) MG S H b 52 & i B AR R 3 ¢ (B
6b) . X 5EARAEREET Wb = /NI & R f =\
R F B 45 M A8 AR 2L, =\ T IR K BE A7 F 1 b
B4 0.936 nm, i — NER =K A R B = B4
AR b &~ 0. 865 nm il 0. 867 nm,

2.848

o

M2 % Unit cell parameter b (A)

Y=2.856-0.100X
R*=1.00

N
%
=
(o)}

N
%
=
=

N
%
=
)

0.08 0.10 0.12 0.14 0.16 0.18
248 Vacancy content(%)

IKENERA =0 S Mn AOS(a) MR IEZ K b(b) Z RIS &

Fig. 6 Correlation analysis of vacancy content of hexagonal birnessites with Mn AOS (a) and unit cell parameterd (b)



1 4] JB

WESE . AN]SR B 7N T 7K BT B 114 25 44 BT 5 107

AN TR S AR BE 7S J7 7K AR A 0 A AR 1] 43 A bR R
(RSF) 43t 45 K R W], & Mn AOS 3% ¥ F 1%, Mn-
Mn( 0) B for - 3 8 < g S 38 i, L3 Mn-Mn 58
(FE 5 db) Pt 2.86 A 3 fnz2.87 A 45—
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STRUCTURE OF HEXAGONAL BIRNESSITES AS AFFECTED BYOXIDATION STATE

YinHui' Feng Xionghan' Zhao Wei > Hu Tiandou’ Tan Wenfeng' Liu Fan'
(1 College of Resources and Environment, Huazhong Agricultural University, Wuhan 430070, China)

(2 State Key Laboratory of Soil Erosion and Dryland Farming in the Loess Plateau, Institute of Soil and Water Conservation
Chinese Academy of Sciences, Yangling, Shaanxi 712100, China)
(3 Beijing Synchrotron Radiation Facility, Institute of High Energy Physics, Chinese Academy of Sciences, Beijing 100039, China)

Abstract Powder X-ray diffraction (XRD) and X-ray absorption spectroscopy ( XAS) techniques were used to in-
vestigate variations of the structures of hexagonal birnessites as related to average oxidation states of manganese therein
(Mn AOS). As the synthesized series of hexagonal birnessites from HB1 to HB6 decrease from 3. 92 to 3. 67 in Mn AOS,
but increase from 2. 838 A to 2. 848 A in unit cell parameter b. The series also decrease from 12.0 nm to 7. 0 nm in the
coherent scattering domains (CSD) in the a-b layer plane, forming a stack of ~ 10.6-13. 4 layers of manganese oxide oc-
tahedron along axis ¢. With the decrease in Mn AOS, the content of octahedral voids declines from 18% to 8% . Mn AOS
and vacancy content have a very significant positive linear relationship, and they both show negatively linear relationships
with unit cell parameter b. Linear fitting of X-ray absorption near edge structure spectroscopy ( XANES) shows that Mn in

these samples is dominated by Mn'" and the proportion of Mn**""

increases with the decreasing content of octahedral
voids. Fitting analysis of Mn K-edge extended X-ray absorption fine structure spectroscopy ( EXAFS) with a full multiple
scattering model demonstrates that the samples, though different in Mn AOS, are similar in crystal structure and Mn local
coordination environment. With the decrease in content of octahedral voids and particle size, apparent Mn site occupancy
(f...) decrease from 0. 74 for HB1 to 0. 66 for HB6, and with the decrease in Mn AOS, the average bond-length of Mn-
Mn(O) shells increase.

Key words Birnessite; Octahedral voids; Mn average oxidation state; Powder X-ray diffraction; X-ray absorption

spectroscopy
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