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演示者
演示文稿备注
徐光宪提出：宇宙进化分8个层次：（1）物理进化，（2）天体进化，（3）地质演变，（4）化学进化，（5）生物进化，（6）社会进化，（7）人工自然进化，（8）物质产生精神，精神反作用于物质。研究每一层次的学问依次为：（1）物理学，（2）天文学，（3）地质学、海洋学等地球科学，（4）化学，（5）生物学、医学等生命科学，（6）社会科学，（7）技术科学、工程科学，（8）数学、科学、哲学、宗教、认知科学，语言学、文学、音乐、艺术等。
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the first fuel cell.
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UPS T & D grid support
Power quality Load shifting
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High-power supercapacitors

Bulk power
management

Comprassed air
Energy storage

1EW  10KW

100 kW 1 MW
System power ratings, medule size

Tarascon, J.-M. et al, Science, 2011, 334, 928.

10 MW

100 MW 1 GW

Specific energy (Wh kg™

1,000

800

600

400

200

> 550 km

> 225 km

Today
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S Il s B

0
Pb-acid Ni-Cd Ni-MH Li-ion Future Zn-air Li-S
Li-ion

Price (US$ kW h™") 200 600 900 600

Li-air

<150 <150 <150 <150
| N

Available Under development  R&D

Bruce, P. G. et al, Nat. Mater., 2012, 11, 19.

P& TRt MY REI B M GEREF RS E9E, HeEs

wEMELLHEER, BkANERQT

ab B
REE

EEESHNERE B,



(A7, s ebeyon

< N
o o o

-0.2

0
4000 [

8 3
g 8

(.6 U ww) Aoedeo oyoadsg

g g
-

(A7, "sa abeyjon

I Theoretical energy density
Practical energy density

NG

N
Y

R N
Battery type

53O
qq@

=
g
A

|
38
o
o™
(Bxyunn) ABlaua oyoadsg

w ~ (0] o~ - o
=
¢ Pz
—
o
o
—
9
* Q
—
) ')
—
S g8 88
N ~ puld 2 w
(B Y ww) Ayoedes oyoeds (Uol / GINY) eoud



@ ERREBIEERE
L REERIF.

=
1=}

=3

Li dendrite

) BRMESRME (5x1028Sm™) ;

L EHmAEBNARINEREOE (ERE
INEE)

o) B AR .



¥

Specific capacity (mAh g

b)), oof

1200
1,000 -
BOOF
a0
400+
200

IEth: HSRATFLEE

R B FE B3 R P
et e BEBNSHET, 2
el BRERMRTRL.

Nazar L. F. et al, Nat.

0 B 20 Mater., 2009, 8, 500.

Cyele nurmbser

IEfR: I ARMFLBAIR
ML, (EFMAIFER
A CMRSGT) FARK
FREZERXEETN,
M T 451 o fiBE AR 1E AR BY
78t e .

Guo Y. G.etal, J. Am.

Chem. Soc., 2012,
134, 18510.



A A P RE U E R

o Polysulphides 1200 | 1000
Lithiation - C()) 00 ,?;1:000 [ 80 %
“ L g E 800 1 -— —=— Charge [ 60 § .
2 S| Dt s IFHR: ATIO,BRBER
g 200 '§0§ &%gﬁ*ﬂ’ Bﬁiﬁfaﬁﬁ&
: 02 %% . 06 100 200 300 400 CEy(é:(IJe 600 700 800 900 1,000 & ﬂEﬂ(ﬂ*EI:FH(JW /u\ 3@,
T g w | FRBIEE B L -
9; 80 . s Sulphur-TiQ, yolk-shell
;@ e
Eﬁef;tive = .
—> sopeunies 5 2 Cui Y. et al, Nat.
° 0 0 100 200 300 400 030? 600 700 800 900 1,000 Commun_’ 2013’ 1331.
cle
Cathode
Anode CarbonlLi,S b vy — =
a) Silicon Nanmg;e;ar:ts:!?;:gﬁgmsoste 2 g)ii: gason 2 _ ﬁw: m “ %%ﬁw” Bﬁ
| D450 ] s
s | 2 ol el . | reEsEmR. #—5iE
% 2.0} §v35ul- 7 %@,?&H@Eéﬁo
= i o 100 300 1000 ]
g 1'8_' Current density (mA/g) ]
% o 1 1)CuiY.etal, Nano
= :; —8 {1 Lett., 2010, 10, 1486;
B AL -
1.0} 1 2)Zhang. et al, Nano

0 100 200 300 400 500  Lett., 2012, 12, 6474.
Specific capacity (mAh/g)



- Bt 1t BE P TR R

2
5 nd T
a) b) T T T ¥ T ¥ T ¥ T v ul
fRAR: RWFLEFRER
_ 1,500 p— 4110 . ?
TN g > SRS EIERN
Sa (@ e il (@ l o & 4
§ 5!, 1,000 r P @ { m{mr«mcu (T «{(f:{{(rf«f«(!((r«a(m‘ 100 -E > =] —é— m N Hg /ﬂE ﬂ; 1.*
A ST Q
O e G o I.E m
o7 500 : B R 8 s AL AR I AN g é Iﬂ ' ’
% g: . 3 e
=
w e 90
— 0 .
Manthiram, A., Nat.
L) . L] . L) . L) - L] b2 L - '
By 0 25 50 75 100 125 150 Commun., 2012, 1166.
Li anode Electrolyte S cathode Cycle number

Solid-slato-based mmsﬂa" mm:.mﬂ:l-hmﬂ elpcirolytes _ . _ Eﬁﬂm . m g.ﬁ _Ié]_ %UE
=) - Rk A B R E RS

: 'E"F*"‘?‘f";;‘lf‘ﬂ'ﬂﬂ'_m ﬂ%ﬂ(ﬂr gﬂ’ b&ﬁﬁﬁﬁ
" ﬁ L BEWETEEERM,

RS R EIRE.
==

Voluma ratio of sal-1o-5obwam

Hu, Y.-S. et al, Nat.
Commun., 2013, 1481

. LY
1005 0% N
Solid-phase contend (%) Liguid phasa

Waight ralio of sal-i0-sohwend



H-ESHEM

«&%?%%ﬁ%—ﬂmﬂﬁmw,u%%¢m%%¢%m&&m%m%

<+ WRIE: HIRMNERNMATFERAEST(LY), Li'F3RBERHY
B, EERSES. URMIPEEREROBFEESERRETHI
BRI FHELLO) S E IR ILE(Li,O,), HEERR. SME~
M5 £ EEIERBRFLIER, HRZIL.

< BIRRMTEN:
4L| +OZ_)2Lizo (E:2.9V) g'::@ e
2L| + OZ — LizOz (E — 3.1V) :

M. Armand & J.-M. Tarascon, Nature., 2008, 451, 7.



Energy Density, Wh/Kg
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EiLILEE (K8

FEAEE (V) (Wh/kg) (Wh/kg)
Li/O.,, 2.91 5210 11140
Na/O, 1.04 1677 2260
Calo, 3.12 2990 4180
Mg/O, 2.93 2789 6462
Zn/0. 1.65 1090 1350

Ni-MH
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The key criteria for practical EV
propulsion batteries are energy
density, cost, lifetime (measured in
years and miles), and safety.
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G. Girishkumar et al, J. Phys. Chem. Lett. 2010, 1, 2193-2203.




Composite Porous Electrode
Cathode (+1¢)

I o TR R BY 0] L .
INEZEEMX (<1 mA cm2) ;
THEBEEHLS, SHeE=7H
EXT (60%-70%) ;
RINEREARE (BIRRE <
50 &) ;

ZeH (EBREIER, £E
MBI A TEILEE) .
EESENZAZTSER
({ELFD . RIEFE. B
BAEMERVE EHEROE
eSS

G. Girishkumar et al, J. Phys. Chem. Lett. 2010, 1, 2193-2203.



@ = [b)wuu NS
SLYN
5.0 000000000000 =] Al 470 mAfg
> OOODOOO E‘ ‘ O 100 mA/g
= 45 mé&&aaaaaaaaaaaaaaqg g 800- a%maﬂ-
.% éﬁlllllllllllllllll }} i
8 4.0 £ 60041 o
c | 0.-EMD- g | & o
= 35 ® L0, -EMD-Super S & atu
S & Li,0,-Super S O 400- e e
3.0 O EMD-Super S S
11}
2.3 5 200
&2 _
2"()l T ) ) ) ) L 1 n n
0 100 200 300 400 500 600 700

=]

Charge Capacity / mAhg”

10 20 30 40 50

Cycle number

< BRI AT KABE(R Li,0, B9 %

REEE;

< 70 mA g BiREETIEIA S0 BIEHNEREE: 600

mA h gt (IZ=ESBEl EZ LAY

>

=T E) .

Peter G. Bruce et al, J. Am. Chem. Soc., 2006, 128, 1390 -1393.



Table 1
Discharge voltage and discharge capacities of cycles 1, 5, and 10

Catalyst Discharge Capacity of cycle Capacity of cycle Capacity of cycle Capacity retention
voltage (V) 1 imAhg™!) 5{mAhg=t) 10{mAhg1) per cycle {9)
P 2.55 470 60 60 1.28
Lag 5510 2MnO;5 26 750 75 40 0.53
FeaOs 2.6 2700 500 75 0.28
FeaOa-carbon loaded 2.6 2500 280 75 0.3
MNiO 2.6 1600 900 600 3.75
FeaOy 2.6 1200 1200 B0 6.67
Coz0y 26 2000 1900 1300 6.5
Cud 2.6 Q00 900 600 6.67
CoFes Oy 26 1200 900 B0 6.67
(a) @) 4.5- g
i 4.5+ - e
== 4.0 g I
4.0 T 404 ) 4th i
q':' Fa g a i | |
* 2" | CoFe,0
= - 3.5 -
= 354 ] . |
> = ] £ ' 0 e2 4 |
Z = 3.0 2 04 L4
% 3.0 % ‘ s L -
s S 2.5 E 25- R
> 25 = E i
i 2.0 2.0+
= = o 20 400 600 o0 1000 o 200 600 800 1000 1200
Capacity (mAhg™) Capacity (mAhg™) Capacity (mAhg™)

Peter G. Bruce et al, J. Power Sources, 2007, 174 1177-1182.
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Peter G. Bruce et al, Angew. Chem. Int. Ed. 2008, 47, 4521 — 4524.



Fe catalyst/
Ta underlayer

Alumina filter

AN RERGEE AR FREANTZEATaFeNEFR, <
[RIEICVDIELE KB AR W IRIRIRFLIE AL RIRNAR LT 4E, HItL
H &M% L= BR.

Yang Shao-Horn et al, Energy Environ. Sci., 2011, 4, 2952 — 2958,
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(a) 500 nm

SWCNT is  prepared by the HiPcoTM
process(thermal decomposition of CO under high
pressure with Fe catalyst) in 1M LiCIO,/PC solution.
The bundles structure of SWCNTs with around 1.0 nm
shows ~45F/g(10uF/cm?)

Shiraishi S., Electrochem. Commun., 2002, 4, 593.
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—i— Buckled SWCNT film
—#— Flat SWCNT film
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The performance of the stretchable
supercapacitors remained nearly
unchanged under 120% strain even
in the stretching process.

Adv. Mater. 2013, 25, 1058-1064.




Chemically modified graphene as
electrode materials.

galvanostatic cyclic voltammogram
discharge (mA) average (mV/sec)
electrolyte 10 20 20 40
KOH 135 128 100 107
TEABFJPC 04 91 82 80
TEABFJ/AN 59 95 99 85

M. D. Stoller, Nano Lett., 2008, 8, 3498-3502.
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At a discharge rate of
108A/g, a maximum
power density of
414kW/kg can be
reached. Even at
1080A/g, a capacitance
of 156.5F/g can be
maintained.

Adv. Mater., 2011, 23, 2833-2838.
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A novel flexible solid-state supercapacitor with 120 ym thick
graphene hydrogel films achieves a high gravimetric specific

capacitance (186 F/g at 1 A/g). ACS Nano, 2011, 5, 8140.
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Asymmetric pseudocapacitors of the amorphous
nickel hydroxide exhibit high capacitance (153
Fg1), high energy density (35.7Wh kg?! at a
power density of 490Wkg?!) and super-long
cycle life (97% and 81% charge retentions after
5,000 and 10,000 cycles, respectively).

Nat. Commun., 2013, 4, 1894.
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— Dye molecule
- TiQ; particle

Schematic overview of a dye-sensitized solar
cell. Chem. Res. 2010, 110, 6595.
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CQDs of differing sizes and thus bandgaps are a
promising means by which to increase the
energy harvested from the Sun's broad spectrum.
Wang, X. et al., Nat. Photonics, 2011, 5, 480.
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It was investigated that the effect of PbSe
quantum dot size on the performance of
Schottky solar cells made in an
ITO/PEDOT/PbSe/aluminum structure, varied
the PbSe nanoparticle diameter from 1 to 3 nm.
It was found that peak performance for devices
made with PbSe dots exhibited a first exciton
energy of 1.6 eV (2.3 nm diameter), with a
typical efficiency of 3.5%, and a champion
device efficiency of 4.57%.

Ma, W. et al., ACS Nano, 2011, 5, 8140.
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Colloidal quantum dot solids combine convenient
solution-processing with quantum size effect tuning,
offering avenues to high-efficiency multijunction cells
based on a single materials synthesis and processing
platform. Devices having optimal single-junction bandgaps
exhibit certified AM1.5 solar power conversion efficiencies
of 5.4%.

Tang, J. et al., Nano Lett. 2012, 12, 4889.

Leschkies, K. S. et al., Nano Lett. 2007, 7, 1793.
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CQD Film

Au

The resultant depleted-heterojunction solar
cells provide a 5.1% AM1.5 power conversion
efficiency. The devices employ infrared-
bandgap size-effect-tuned PbS CQDs,
enabling broadband harvesting of the solar
spectrum.

Pattantyus-Abraham, A. et al., ACS Nano,
2010, 4, 3374.
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The first solution-processed depleted bulk hetero-
junction colloidal quantum dot solar cells are
presented. The architecture allows for high
absorption with full depletion, thereby breaking

the photon absorption/carrier extraction

compromise inherentin planar devices. A

record power conversion of 5.5% under simulated
AM 1.5 illumination conditions is reported.
Barkhouse, D. A. R. et al., Adv. Mater. 2011, 23, 3134



The BNH was introduced as a novel architectural
platform  for inorganic  solution-processed
optoelectronics and solar cells. It can be readily
implemented by mixing different semiconductor
nanocrystals in solution and allows for the
"“development of optoelectronic nanocomposite
materials with tailored electronic properties.
Rath, A. K. et al., Nat. Photonics, 2012, 6, 529.

CQD Solar Cells Using Quantum Funnels

Ungraded

Graded

Antigraded

Devices involving a sequence of layers comprised of
guantum dots selected to have different diameters,

and therefore bandgaps, offer the possibility of funneling
energy toward an acceptor.

Kramer, |. et al., Nano Lett. 2011, 11, 3701.
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