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RILES%E “EFoFUENFEIBRRE”
HITER; ZMEIBFEEE “dubEck
*B”, "RFoFBRYEKVUERE” ,
‘BFRSH ARRSTERRE” , “N=
DPMBXTFHG-AFHETEMNEE" , “4
NMEMRERE" , ‘B EAAFRME
B UK “BEFSTFERIURE” F. FERA
XLEEBHEM, HITHRMFZERMPR;
BRERFSFRRABRERN. BREIAM.
BYOMERRARPEMAR. POSIE 12 41
B5. TEFE 2011 FENMRTIEHRR.

BT 531l R BRI S
FE: DAE EAE
B EFEH WA
REAA (BAE):
(mawy@tsinghua.edu.cn)
(tel: 010-62781601-169)

1. AP EBEIOLFREBRBGEAR, St
SHAMW T /DR BB 1-2. 2-4. 4-8 4Hj
HIBNEE R . [MWY-1101]

2. ACBEAERAETFRAEBRBEAR, HR
T 22 E RN/ BRI BRAH A A R BGOSR
DNA FEEBEERANEM. N REET
VY DNA F R FE R =4k 27 ) R iA AR
B (JREFAERE) . [MWY-1102]

3. FHERTOLRBER, BFRT GSNO #
/N 5RO B S R
BEES&RAEEBEARHRIRR. WNB A
T B 5 B TR B AR AL B L U R S TRk
PR IE R AL AL ) R, X — & RSB
SERE R E TR, [MWY-1103]

FRE4 B (EFEM):
(ymo@mail.tsinghua.edu.cn)
(tel: 010-62788938-269)

1~ ) F 35 B R AR B A 0 VO 5 YR A3 = A2 XUV
KA, BATHIFR T H2S% T FEREER N15.506,
15.366, M115.245 eVHI B FXHREF %, W
BT H,S—Y5SH (XS, v)+H' gy
YIH R E G, RBTSH WIS HEE
DA S P HENAD>H. HE
CASSCF/6-311++g(3df) 7K F_E B M kit E
%, BRITBEFISHTTEHRUE, 83
T B TSR TEEH I UTSHME XS
RSCHR S SR B, ORI R 4

We have been setting up the “atomic and
molecular scientific experiment platform”
which consists of “laser system” , “atomic
and molecular ultrasensitive  detection
system” ,  “high-resolution scanning probe
microscope system” , “spatial & temporal
resolved multi-photon image-optical coherent
tomography system” , “nano fabrication
system” , “far-field and near-field optical
microscope system” and “atomic and
molecular simulation system” etc.. Based on
the systems, we(i.e., total 12 members) have
carried out some basic researches in
nanosciences; namely, ultrasensitive detection,
ultrasensitive recognition, manipulation and
control of atoms and/or molecules. Some
progresses in 2011 are reported as follows.

Division of Atomic & Molecular

Ultrasensitive Detection
Directors: Wan-Yun Ma Li-Jun Wang
Members: Yu-Xiang Mo Xing-Can Dai

Group(A) (Wan-Yun Ma):
(mawy@tsinghua.edu.cn)
(tel: 010-62781601-169)

The researches include:

1. Mouse zygotes are widely used in
developmental biology and transgenic animal
research.  Two-photon  laser  scanning
microscopy (TPLSM) is particularly useful in
four-dimensional observation of big and thick
biological samples, such as mouse embryo.
The early mouse embryo development from
zygote to 8-cell stage compaction was
observed in real-time by stages using TPLSM
in this paper. During our experiment, several
scanning parameters were optimized in
different development stages. The initial
cleavages of mouse embryo, from the zygote to
2-cell, 2-cell to 4-cell, 4-cell to 8-cell, and the
compaction at 8-cell stage were observed.
During the first stage, localized intracellular
calcium elevation along with the cleavage
furrow and the asymmetric zygote cytokinesis
was detected. The relation between the
asymmetry and the location of the second
polar body was investigated. The rotational
cleavage of mouse embryo was also observed
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REHIZk. ZaLREHRTE, BRITAAHSS
BrHEEE A MAEEE, EHH8:
S FIESTEERATHS™ (2°A7) HEE
B3%, BEESERETHERA KEMEIEN,
RIEHEA BER/ITEFBETSHMH,

[MYX-1101]
2. BTERERRRH —FLAEET-H-

RIBERERBRERLRTA, &6 NKLiTHEE
BT CH,O HHESRBT-IRINMEIEH
FER-SIERABDL, MINHERET CH:0
RS9 E HEGIELRHE. SRKH:
CH;O HEAEREN B F-HRNHEERNE
EHER AN FFEEE R R T] DUR I
Hh R R - PR30 AH AR F 51 R MR 3N %
i, HHELERMELREE, T
CASPT2 f1 MRCI Xt4b# CH,O HHEMAER
TR SRR . [MYX-1102]

(lIwan@mail.tsinghua.edu.cn)
(tel: 010-62798045)

2011 4F, G IR A Sl = 2E I [ SR 4
BREAHATHHEEERER. Hlw, &K
TIEB T BTSSR Bt &5,
BT 10" WAKE, RREERALEET
THAFEKFE. Ho, BOCRATRIZR
BT MBSty (973) REHERETE, FOK
BAELE Ramsey 55, ZHFEFELIN
AR B E AR . [wlj-1101,wlj-
1102,wlj-1103-wlj1109]

BWREAH D (BEAW):
(XingcanDai@mail.tsinghua.edu.cn)
(tel: 010-62783136-291)

2011 FERFESER T HIEEZHRUTL
fE[dxc-1101-dxc1103]:

1. EWEBNEF2 FRRBRSHIHFR
H, RATAREIGERA FERMHIEE T
Rb2 [¥] 21119 %, IEWERD| T ZHE TR 254
ek, FHARAMRMMNHBRE T eEMiR3)ge
K. BRI\ T IZESNFFHEEFN RKR HEE
Mgk, X& Rb2 FHABIKE —NEEEL o
B. HRXXECELE5ETE, EHEBER.
BATBMEL T H—E Toptica KIELLEOLES,
X BRI KMBAIRA HEEBRAFE .
RNMB UL R Rb2 HENBERRETS,
RHERBIBNBHREE=ZES.
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in the experiment. These results would be
helpful to further research on mammalian
embryonic development. [MWY-1101]

2. The effects of maternal aging on the
localization of DNA methyltransferases were
evaluated during mouse oocyte maturation
using fluorescence staining. And we conclude
that maternal aging affects the cytoplasmic-to-
nuclear trafficking of DNA methyltransferases
in mouse oocytes during the time from
germinal vesicle breakdown to metaphase I.
[MWY-1102]

3. A fluorescence microscopy imaging
technique was applied to observe the kinetic
changes of intracellular Ca® concentration
([Ca2']i) and mitochondrial membrane
potential (A¥Ym) in single thymocytes during
the early stage of S-nitrosoglutathione
(GSNO)-induced apoptosis. The Kinetic
features of [Ca®]li and A¥Ym were
quantitatively analyzed and compared by
fitting the fluorescence intensity data. The
mathematical parameter, inflection point
which indicated the time point when [Ca*i or
A¥m changed the most rapidly, was proposed
to analyze the fitting curve. The results
revealed that the inflection point of [Ca®']i
always appeared prior to that of AYm during
apoptosis induced by a certain GSNO
concentration. Both the [Ca*]i and A¥m
changed in a GSNO concentration-dependent
manner. Another parameter, half-max effect
point also employed and displayed the similar
results. Such quantitative analyses of real-time
observations at the single-cell level are useful
for interpreting the sequence of the biological
events operating in GSNO’induced thymocyte

apoptosis. [MWY-1103]

Group(B) (Yu-Xiang Mo):
(ymo@mail.tsinghua.edu.cn)

(tel: 010-62788938-269)

1. The H" velocity map images from the ion-
pair dissociation of
H,S+hv — SH (X'Z*,0=0,1)+H" have been
measured at the excitation energies 15.259,
15.395 and 15.547 eV, respectively. The
experimental results show that most of the
available energies are transformed into the
translational energies. The angular
distributions of the fragments
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2. HETHBRMPREM SHEEREER
RIRTERY, RITEFNET Rb JRT 5P,
SHHREAN, MELREHUALEN
KIMEE RS . ZLRGROMERNED
Z8MW, ELTHERT. BIATEELSEHR
H T EL Ot B R SR T R A BRI v R T
BERZAL.

3 BMNERFHHAFT AR, AEHHRE
HEEBPKREFHIFE T FRBOCHHER
22 B BT B WOR B 75 1 B SRR A 7 O ) A A
OGBS . BRIEBARFHILRS
FE SRR AE AR BEHEAT

JRF5r T REBORAIWT S A
FIE: BF

WA A (BEF):
(xuep@tsinghua.edu.cn)
(tel: 010-62781601-197)

2011 4 “He%¥AHT CT HiA” WEET
Vet R R

WHE T ST E T BT EAET CT
B, WML R EREL. RIAHNEK
WRTERREMABE, IR T ARIEK
HRMSERRLRRGER, JPMER
EX RS TRFH—E . B RZA LS
& 75mW K] 8%lEASH, WIREEE
115dB HIfEMeEL, FF#E4T T B R . B4
RO T CT EERRIRARBSHT, &
RPN H, XREBR. RS ERE
RPN T H R B REFHNAME. #E—F
BRI R SR AR AT . [XP-
1101]

JRF o IR T AR
T BHM KFR
R EER ZERUT
(gkxue@tsinghua.edu.cn)
(tel: 010-62795618)

ERPP LG BB TEMURGERIERES
PLEIFFR 5T, BE T EX#E. [xgk-1101-
xkg-1113]

(xrzhang@chem.tsinghua.edu.cn)
(tel: 010-62776888)
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SH (X 'Z",0=0) indicate that the dissociation
occurs via pure parallel transition with
limiting anisotropy parameter of +2. This
suggests that the ion cores of the excited
Rydberg states predissociated by the ion-pair
states have linear geometries. The geometries

and electronic structures of linear H,S* (1°X ",

12Ag and 1225) have been calculated

employing the quantum chemistry calculation
method at the CASPT2/avgz level. Combining
the experimental and theoretical results, it is
proposed that the B band in the photoelectron
spectrum of H,S should have contributions

from some linear H,S™ (1°%, 1°A, and 1°X})

in addition to H,S'(1°B,) that has a bent

equilibrium  geometry. The electronic
structures for the ion-pair states have been
calculated at the CASSCF/avtz level, which
indicates that the equilibrium geometries of
the ion-pair states have bent geometries.
[MYX-1101]

2. We present an ab initio study of the spin-
vibronic couplings in CH;O (X°E) based on
diabatic model. The diabatic potential energy
curves were calculated at the level of
CASPT2/cc-pvtz. The calculated spin-vibronic
energy levels are compared with the
experimental data, which indicates that the
present calculation has higher accuracy than
the previously reported one. [MYX-1102]

Group(C) (Li-Jun Wang):
(lwan@mail.tsinghua.edu.cn)
(tel: 010-62798045)

The Joint Institute of Measurement Science
has multiple achievements in time and
frequency research area. For example, we
have built an accurate time and frequency
synchronization system via optical fiber, and
achieved the stability of 10", which is,
according to the assessment of expert group,
ranking the world’'s top level. Also, the
portable Cadmium ion frequency standard
system has been almost finished, and the
Ramsey fringe with narrow linewidth has been
demonstrated. After finishing the locking loop,
we will realize a portable frequency standard
with high stability (2X10™). [wlj-1101,wlj-
1102,wlj-1103-wlj1109]
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1. BT —F SP-ICP-MS 437 DNA 3T
k. KREBHRE TSR DNA FB#T
R Jg, SIREFPKNTFRIRE, HEH
KELFIHE D, KR, BT R
¥PE DNA FIHATHE. ZHETRT
ICP-MS WINFERE, AR EE#E
Rl R gt TR BB . [ZXR-1101]

2. H—METEFABRENHITET RN
FEH . RSB A FEAGTE R 20K
PMRE R, —FEEREBBEMES EER—
AMNFE RSB E, FEESIRE R . %
FERRFEFIE ] LY R ER AR KA. #
XHIRER T MIEH 40 i 1 50 5 22 40 e i
A RetE. [ZXR-1102]

EBERT —ME-EARTOLPRE. EBH
FRENSEADE, dTHAFRELEE,
Hik, HERPEFLENLER, ZERB
AT ENEENGKE B B FBOR AR
Ko KAX—FE, BBEXNESFHEKT
SHETI R . ZTTERIXER YK
B TR R AT B IR T — PR3 B B
[ZXR-1103]

4, BT —MRBOCRANELRIF 7
o SRA Pt B R BUR AR X R B R
WHAAEFEBRERIT TR ERKHN,
=MAFRMBERAEALERER. 40

FEEBUAELEERARBRENXS.

AFZERETHEELSHERE TREFNKX
5, IEARXR—FFHERSITEBRNTT
. [ZXR-1104]

5. Wit T —MHEBHKEEE FHKRILE
FIR, ZBE TR Frif 7 i 2 MT TS
g (VOCs) FAER—H4TFBFI&, Fit
B LR A R AT BERENERNBEE
FER AP VOCs BTl E. HTFXMEF
BIWERBK, BEATBEBHESE, BB ERE
EEREZHTIME, BB FERRER
i, WBEE/PMEFIEENE FIRELTE
[£XR-11095]

(yayuwang@mail.tsinghua.edu.cn)
(tel: 010-62789309)

BATH THER [wyy-1101-wyy-1105]:

1. BT MBE &KHFh I ES AR5
EBHREEEERE (EE) B, RIK
BEFH 2 IR K55 R Rt N, EEHEE
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Group(D) (Xing-Can Dai):
(XingcanDai@mail.tsinghua.edu.cn)

(tel: 010-62783136-291)

In 2011, I have been working on the following
projects[dxc-1101-dxc1103]:

1. In the study of the highly-excited Rydberg
states of alkali molecular dimmers, we used
the optical-optical double resonance method to
observe and assign the 2 'TI, state of Rb,.
Totally 254 energy levels were observed and
the absolute vibrational number is assigned
with isotope effect. We obtained the molecular
constants and RKR potential curve of the state.
The manuscript is written and ready to submit.
We have also purchased another diode laser
from Toptica. This diode laser will allow us to
study other highly-excited Rydberg states of
Rb,, especially highly-excited triplet states.

2. In the experiment of cold atoms that is
cooperation with Prof. Ping Xue and Prof.
Zhiping Zhong, we measured the ionization
cross section of the 5P, level of Rb and the
result is more accurate than the results from
other groups. The manuscript is submitted
and under review. Currently we are studying
the temperature change of the cold atoms after
the photoionization.

3. We have also cooperated with Prof. Kaili
Jiang and try to use lasers to excite the
phonons in their nanotube materials. The
frequency of the excited phonons is controlled
by the acousto-optic or electro-optic
modulators. The experiment is going on well.

Division of Atomic & Molecular

Ultrasensitive Recognition
Director: Ping Xue

Group(A) (Ping Xue):
(xuep@tsinghua.edu.cn)

(tel: 010-62781601-197)

We built a new Wave Front (WD) Division
Interferometer Based Optical Coherence
Tomography (OCT) for Sensitivity
Optimization. Unlike a  conventional
amplitude division interferometer based OCT,
WD OCT utilizes different wave front
portions of the light source for sample and
reference arm. The system sensitivity as a
function of the ratio of light power directed to
the two arms is experimentally studied and the
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M—MRERNBEEAT N, B4R RFRRLE
ST RATR. RIVAAXRBHEF K4
P REFEFHEEERTIRE.

2. AR FEHE Sh,Te; 1 Bi,Tes; ¥
AR RAFEBERE, @it MBE £K
M= EERBETHHBEIEHRE
BAMRUE— 2 RXE, £ RA AR AEE
MmH B L, hEERTLELS, MERE
BRAT AR R/ IFEA— R TR
FAT A

3. AIHEH#BERME (STM) IR T
LaOFeAs ZRE(E R BHA R SLZE Bl LT 4514,
RAT—AHER _HREHTS, HEF
B EREBI KR, 5L hERE
SR EARIT RAERL, FETTRERRER S
SENN P

B4 D (ZTRID):
(jhli@mail.tsinghua.edu.cn)

(tel: 010-62795290)

1. REEHREE FHEM O ANEREE
FRNANARENBENEERRE. EWRE,
Mt AEEKK LiFePO, A B MR /14
B HEmEERARME, EHETF AR
RSB FEmRE I EZERmTH—PHRE.
BATIE LR NHFePO, P ih B A F BR L AT
BT, H&BILKA AR EFHK
EREW FePO,, BEZER TH Lil &E, DA
B ARBEEZFTRMACERE, B
& T RMBRABR LiFePO, IR A
EWIR, EHEZEW. FREW. ZRE
FMICA K HAE RN, BRI T LiFePO,
B ARtk 5B FrARteee, RikBERE
P XFMEMENEE 7 R R, 7
0.1 C (1 C=170 mA g BHEEERTERRN
158 mAh g*, 7E 5 C KIHEER TARNA
85 mAh g'; FEfEZM 0.1 C 3|5 C REZE4k
TH 80 BRBEESF, EBIFHLET
96%, #H LI EGKBRA KL, EM B
BE, B REnEy, RMERREEERERR
EHE, EEENGHREE FHEIBMAFARKSE
WA e XFMH & FERE. ®Ee. EAE
J=, B RTAE AT R A 1 58 B AR A R 1
#7Ji¥%. [1ih-1101]

2. WFSEBLA RI6 LK HTEYMR KRS
HEREBEMNMAWE. RITES DNA K

R SCHR 5 86 2 SRRV 5, 5 SCRRBE 28 423

result found to be well consistent with the
theoretical analysis. In our current time-
domain WD OCT, we have achieved the
system sensitivity as high as 115dB at a total
source power of only 7.5mW with 8% to the
reference arm. Real-time WD OCT imaging of
bio-tissues in vivo is also demonstrated.

OCT Real-time and in situ imaging of the port
wine stains patient and supplying surgery
guidance for photodynamic therapy treatment
prove successful in clinic. OCT is also good for
pathology study and treatment assessment.
Image recognition and parameter study are in

progress. [XP-1101]

Division of Atomic & Molecular

Control
Directors: Qi-Kun Xue Xin-Rong Zhang
Members: Ya-Yu Wang Jing-Hong Li

Group(A) (Qi-Kun Xue):
(gkxue@tsinghua.edu.cn)
(tel: 010-62795618)

We made great achievements on the
researches of the electronic structure of
topological insulators and the superconducting
mechanism of iron-based superconductors.
[xak-1101-xkqg-1113]

Group(B) (Xin-Rong Zhang):
(xrzhang@chem.tsinghua.edu.cn)

(tel: 010-62776888)

1. In this paper, we have demonstrated a
novel method to detect special sequence DNA
targets in one-step homogeneous hybridization
solutions with single-NP detection. The DNA
targets can be detected at 1 pM by using
AUNP probes, which increase the sensitivity by
three orders of magnitude over that of
colorimetric methods, without any signal
amplification process. Additionally, ICP-MS is
able to detect NPs without any special
requirements for optical and electrochemical
properties, so an expanding range of NPs such
as biological tags can be applied. [ZXR-1101]
2. We report a sensor array based on
nanomaterial-assisted chemiluminescence (CL)
for protein sensing and cell discrimination. We
have found that the CL efficiencies are
improved to varied degree for a given protein
on cell line on catalytic nanomaterials. Distinct
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ZEAMEH, BIIEI T ABEELDEE
BEBR4%E. REFHEME, X FLRATHNE
FEMEE EHTHEERKEREH. FH
B, R SR L BN MR 6 & ) =t AR BT
T AR, EBH T DNA fE4ZEdE
g SMERER. B FIFH DNA EXME
XTHIREE, SEMBAEHEAR, FIH XA
AL T BAr DNA KR 88 kiRt
Bl % TAERME T 4R EREEK
LEETE, EEMER, EXEH, MR
HAE, B[wE EEFEBERNEX. [1jh-1102]
3. i SRIH R WA B EEES BB S TOEF A B
ISR R RS & FHEAME, BRE—
MrFHEE, TUAERZBEENEHIGRE
W, BHR—ENBRAIREESHWREEEH
R =& A BN, ARBEPIARREK
BROBEMMHIESRARBITT, BT M
R _HFVHEHEW, ARKEEEAHib—&
TR EFRYRERE, MmRks ToE%,
A A B EFIRA KA 2 R
BAVEBEMHIER TIEHE XA BB EAHE
A e A WA S R AE Y BOR 5 T K R B,
MR T @S E SRR T A B
MR TR B A LB RIAA
BIEME R JEEE KRR, B DA SEELEE T 9%
IR e BB VL AL BB BH
& UEAETAHBELIHREUMDEREEM
BHEEA AR R, RAGMERZEY
BRI R. #t—PRHE T ARG EER
TR R AE M R B B8 A7 7R 1 1) AR
HIEHHLE 5Pk [1jh-1103]

4. BIhH& T —Ma RGBT R E
%, BFRT BRERZBMER LR RS
RIATH. HALERERN, ZARBBME
WERTFHEEERTER, FEEKETIESR
REA 0.05 V (vs. Ag/AGCIES, BIETF=A: k3%
PRI AL R . FIF AR HE
AR R B FAERE T, K—hiihEl
ZAREEERERTR, FRAESYKRER
BHEERENEAN i SR E BRI
HATHABKR, KRBT —MEBEESHKIE
BEA, BIhHAERT —MEMEK. REE
. EEEFRROERBEAER RS
B, SRS H TR ER YR P
R RS, MR 8 pg mL™Y,
LMETEEN 10pgmL B 8 ngmL?, EAR

R SCHR 5 86 2 SRRV 5, 5 SCRRBE 28 423

CL response patterns as "*fingerprints™ can be
obtained on the array and then identified
through linear discriminant analysis (LDA).
The sensing of 12 kinds Of proteins at three
concentrations, as Well as 12 types. of human
cell, lines among normal, cancerous, and
metastatic, has been performed. Compared
with most fluorescent or colorimetric
approaches which rely on the strong
interaction between analytes and sensing
elements, our array offers the advantage of
both sensitivity and reversibility. [ZXR-1102]
3. In this work, we report a new strategy to
construct enzyme functionalizecl fluorescent
gold nanoclusters via a biomineralization
process for the detection of hydrogen peroxide.
Horseradish peroxidase (HRP) was used as a
model functional template to direct the
synthesis of fluorescent gold nanoclusters (Au
NCs) at physiological conditions to form HRP-
Au NCs bioconjugates. We found that the
fluorescence of HRP-Au NCs can be quenched
quantitatively by adding H202, indicating
that HRP enzyme remains active and enables
catalytic reaction of HRP-Au NCs and H202.
This study would be potentially extended to
other functional proteins to generate dual
functional nanoclusters and applied to real
time monitoring of biologically important
targets in living cells. [ZXR-1103]

4. We improve traditional TCL assays using
the assistance of catalytic nanomaterials and
construct a nanomaterials array for the
discrimination of three subtypes of proteins
(albumin from human serum, bovine serum
and porcine serum). With the assistance of
catalytic nanomaterials, TCL signals of
different protein samples are distinct due to
the diverse catalytic activities of the
nanomaterials and characteristics of proteins.
In the blind test, 24 unknown samples
randomly chosen from these albumins were all
assigned to the accurate groups. This
improved TCL assay with reversible response
and simple instrumentation can offer high
differentiability and sensitivity. [ZXR-1104]

5. A simple-structure, low-power, and low-
cost low temperature plasma (LTP) ionization
source, coupled with mass spectrometry, for
the online detection of indoor volatile organic
compounds (VOCs) has been constructed in
this work. Air, instead of noble gases, was

Click the article number to go to “"Publication List".
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HRieeEmEIRY:. RHZERSE, B2
HUSEIR T X 10 AN A LIS H R SRR PR KRS
R, BAERENATRYE, ZMEREEE
SEPRCYIIE RIS . SERT IR S Rk
W BRI MR R [1jh-1104]

5. ARER—NFWREEEREME, H
AT RARBRNEYT REDEET 5T
HHE, FTHARGHRHREEEEEN—1
BE. WEITFARBHRK TSR R E 6k
R, AT HRADRTER, FEMEHE
FEHAEI RSN, RFESHRER
LS AVTRRBIAR. Ak, BINMEBT—
MEERFMT FFRAF. B X
B R LT ERE AN A 2 2
M. &, B R EE—r1L
FRAFER BRI ATREIFLA R, RKIK
BBEERELERRMARE. XRERE
HWTHERY, A BEH R T F
FEFHSBEESHEAR, WUERBENTERN
WA RIEEET . [1ih-1105]

v BRT —MEHEKREE BB
FBIE (poly(ViBulm+Br-)-G) #kE &4
¥l A FTIR. Uv-vis AR TEM 753,
X% S A ARk i) AR DA R TSR RS
ITTRIE. BTREBFRERBM, X
YR E A PRAET] PLRLRB Ik R TER
RGBT KBRS, TEBTEE KSR,
T E A ZEK B EIBR ERA. Hik,
B HARETTE, XM EBRFTHESMET
FEIRMFAF T, TEFBK AR B ST 5
AT EEELYIEE (GOD) WE®, #
T T B F B AR
(GOD/poly(ViBulm+Br-)-G/GC BEi%) . H
TRAEBTFABULARIEEE R R
B, poly(ViBulm+Br-)-G A AE# K GOD
RE—NEVHE LSRR, AT
8 GOD g LI 5k EEB FEH. A
F GOD/poly(ViBulm+Br-)-G/GC )k, i&d]
S E AR . SEREEREN, Z%B
"o bR o R 8 0 BRI LA R B R R M T
R fa e, Hi, XfREMERER
HIZIR B AR % T S R T 14
IR R fERER . [1ih-1106]

7 B EALAEKALH] e AL SEIPIK &
WURL I Bz A KA RSN F B R,
MBS —PVE ] & SR GUK &R
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employed as the discharging and carrier gas.
A custom-built AC high-voltage power supply
was used. This LTP source is a soft ionization
source. The initial performance of the
ionization source has been evaluated by
ionizing samples including alcohols, ketones,
aldehydes and aromatics. These compounds
cover most of the common air pollutants
concerning people’s health. Further work has
been conducted to confirm the detection
feature of this source. The results are
promising enough to ensure the novel LTP
ionization source as an effective tool for the
online detection of indoor VOCs. [ZXR-1105]

Group(C) (Ya-Yu Wang):
(yayuwang@mail.tsinghua.edu.cn)
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Our results include [wyy-1101-wyy-1105]:

1. We study the transport properties of MBE-
grown topological insulator thin films and
their evolution with film thickness. We found
that the magnetoresistance exhibits the
characteristic behavior of weak
antilocalization, but the resistance shows an
unconventional insulating behavior at low
temperatures. We argue that this is due to the
electron-electron  interaction  effect in
disordered topological insulators.

2. We utilize the different types of defects in
isostructural isovalent Sb2Te3 and Bi2Te3
topological insulators to tune the band
structure of topological insulators. We found
that the MBE-grown Bi2-xSb2Te3 ternary
topological insulator alloys show the ideal
topological insulator electronic structure in
certain regime of doping. The bulk becomes a
true insulator and the surface states behave
like like two dimensional Dirac fermions with
degeneracy 1.

3. We use scanning tunneling microscopy
(STM) to study the local electronic structure of
LaOFeAs, the parent compound of iron based
superconductors. We found that there is a two
dimensional surface states on the LaO surface,
and the electron standing wave patterns show
two-fold symmetry. This is consistent with
previous STM work on 122 type parent
compounds, indicating that it is a common
feature of the parent compound of iron based
superconductors.
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(poly(diallyldimethylammonium chloride))
R BORL,  HAMUE NGRS A 2
IHEARE R A KR ER, it E
FL TR B B 438 ) 7 vkt — 5 Z B AR R R
wAN—Hi ] B EEGOR SRR, B3 T
B A BRI PR S0 2EE R RIGE Y ThRe it
¥l £/ TEM, XRD M XPS Z75 5% +4
FHEATRIE, EHTHTHE&ESARE, &
B—ERAREARGEEEK. RIBXTEBE

(paraoxon) X Z. T RE B HR g i) T 2 Btk 4
FIALE, R GRS TR IR B AL TR DA K
FARIGHK A PR HRARME SR, ik
YD Re AR T & R B LB Al
FfREE . ERERERY, BT Z7ERE
AL S AR R RE S I K 0.1 pM RIR &
XPEBERE S, R PRI T A TR AL
1 2R AR R HRIE . [1]h-1107]

8. RE—HKPIEEBRIEESHT SnO, /\H
SR B A2 FLMER. SEM K TEM 4347
R, XMSAMBRETEL 40 nm, K460
nm, F§& (221) SEK SnO, \HABk
Bto IEXPHEMHTEBE FHEME, RIFER
FL BN 500 mA g- YRS R BIL T, 185
50 G, FHABREELRRE 690 mA g A&
XMEAEERAFEREER, MiZHEETX
MR EER:  (221) THK SnO, BikL
FRTH# Li B, AmAES: BHES
LA R AR T BRI R TR AK
R T fEFR R . [11h-1108]

9. FEKBWF, 200-210 CRMEMT, &
B, BMHEARTRAE. BER. IRE
P B BB EAREEI BT NisSi,Os(OH), 25 BELN
KB XFFEH, B NaBH, BT PAR] 334 R
PR R EBRZRRRE T, B RREN
Ked, MTRT 7RI H45h,
BXF EA BEIREHIE NisSi,Os(OH), 2 BEY
KEHTHEE FHRBARME T, HE
RAT AR Bt R i 4 B 3l i B et ae .
HT, ZHEFE 20mA g R, 21 RERER
BERE, HELARTE 2267mAhg™
FENCEA B, ARkt T Rk (600 C,
4 /NI BRFEIRJR (180 °C, 10 /M), Hikbis
BEHOHIREE 277.2mA h g1 fi1 308.5
mA h g*. [ljh-1109
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Group(D) (Jing-Hong Li):
(jhli@mail.tsinghua.edu.cn)

(tel: 010-62795290)

1. We have successfully developed a facile
method to synthesize the hierarchical LFP/C
NMs with the advantages of simple synthetic
steps, facile control of the nanoplate building
block, easy repetition of the process, and the
possibility to carry out large-scale synthesis.
Such a unique hierarchical structure provides
favorable transport kinetics for both Li + ions
and electrons. The results clearly demonstrate
that the hierarchical LFP/C NMs electrode
has superior lithium-storage capability with a
stable cycle life and exceptional rate capability,
indicating their potential application as a
serious candidate for the development of high-
performance, advanced lithium batteries
directed to the hybrid vehicle and electric
vehicle markets. Finally, this method can be
easily extended to fabricate other hierarchical
structural materials. [1ljh-1101]

2. Controlled graphene or its derivatives'
assembly is of growing interest in many areas.
However, achieving control over their
assembly into precise and predictable
architectures has been challenging and is still
a bottleneck to their utilization. Herein, we
report for the first time the use of DNA
hybridization for the controllable assembly of
a graphene nanosheet. Moreover, with the
help of dynamic light scattering technique, we
extended the above studies by exploiting the
DNA graphene dispersed sheets as highly
ultrasensitive detection of oligonuleotides for
the fabrication of a novel biosensing strategy,
which shows high sensitivity and excellent
selectivity. This work will show a new general
route to graphene-based lamellar composite
materials and would bring about advances in
the research of graphene-based biofunctional
materials for specific applications in
biodiagnostics, nanoelectronics, and
bionanotechnology. [1jh-1102]

3. Graphene is the basic building block of 0D
fullerene, 1D carbon nanotubes, and 3D
graphite. Graphene has a unique planar
structure, as well as novel electronic
properties, which have attracted great
interests from  scientists. This  review
selectively analyzes current advances in the
field of graphene bioapplications. In
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10. HHBEESEREAVRRERAZR G
BEiE (PNIPAM) , PFREIRET 4k
(PPCDA) i1, LR, XF-FuHt
TESBERTHET ik, BEERE
STl Ea- g, 5SKEBRTEH
SR B L, #AEEM 59~63°C &K
3| 52~55C. MTRT ZRBEREBIEAFE
iR, BARS-TTE, RENE,
EFWENEESMFRIBT AR, R
PR E R R SRR LR RIR A TR
B (LCST) RAKBMK-W4EHENE, FF
ZAPHETEMEIRE, HIEEERE
BRI R AR, TERE IR A
B E I RINA R T RERI I, 3
malETHeEY, FREFESES, B
TRBEHBBERKEET, SRERA-
AEMEY. LRERRYE, ERT RE
AR REY, HEAEEEEMIM
FEWRE LHAHBEERATZYR; BidEE
IR T AR, BREAERT —Hh3E
VR EIER, TTEGRRERT Rk
HWAEREZERE, ¥ REENEIEYERA
WA IR . [1jh-1110]

11, FH—2AeBRiERH& TIER SnO, 40k
BRIRGHM, FERE T HRERA K.
X SnO, KIRA TR 8L, ExtHE
BRI PR B R RLPR S B TR] [ B R X o
SnO, Gk &M A TE it RARA BB 5E, Bt
T AFE R R B iERe, ZR%
B, 6/NEHIEES EA RFHEERERE, &
100 BEHF e A& AR RF 570 mA gt BT
a1, BATAAEK S EERE R ER R T
XM EREWERTSETH, BLEKKLH
RERBFTF SnO, MRS A4 E/ER. H
IHXFR 3D Z5HE FIFWEE SnO, kA EIE
Pk Li SREAEEREEK, RETEMRE
e, HTEEFEREEF. [1jh-1111]

12, HM% DNA RS T HREER.
B B, KA. KEEFESFREZ
PR, EERRNFRRR S
HAFEENMNANE. A= ETHMmE
B 2 B ARBR UK SR B 2R SR T
ZHIRE. H oGS RIS
EWMUREGHMEH RS, —HYKTE
HWEFRLHE S REMME, FAEFE
R FEESE, ARBERIN T HEA
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particular, the biofunctionalization  of
graphene  for  biological  applications,
fluorescence-resonance-energytransfer-based
biosensor development by using graphene or
graphene-based nanomaterials, and the
investigation of graphene or graphene-based
nanomaterials for living cell studies are
summarized in  more detail. Future
perspectives and possible challenges in this
rapidly developing area are also discussed.
[1jh-1103]

4. In this work, we report a cathodic
electrogenerated chemiluminescence (ECL) of
luminol at a positive potential (ca. 0.05 V vs
Ag/AgCl) with a strong light emission on the
graphene-modified glass carbon electrode. The
resulted graphene- modified electrode offers
an excellent platform for highperformance
biosensing applications. On the basis of the
cathodic ECL signal of Iluminol on the
graphene-modified  electrode, an ECL
sandwich  immunosensor  for  sensitive
detection of cancer biomarkers at low
potential was developed with a multiple signal
amplification strategy from functionalized
graphene and gold nanorods multilabeled with
glucose oxidase (GOXx) and secondary antibody
(Ab2). The functionalized graphene improved
the electron transfer on the electrode interface
and was employed to attach the primary
antibody (Abl) due to it large surface area.
The gold nanorods were not only used as
carriers of secondary antibody (Ab2) and GOx
but also catalyzed the ECL reaction of luminol,
which further amplified the ECL signal of
luminol in the presence of glucose and oxygen.
The as-proposed low-potential ECL
immunosensor exhibited high sensitivity and
specificity on the detection of prostate protein
antigen (PSA), a biomarker of prostate cancer
that was used as a model. A linear relationship
between ECL signals and the concentrations
of PSA was obtained in the range from 10 pg
mL_1 to 8 ng mL_1. The detection limit of
PSA was 8 pg mL_1 (signal-to-noise ratio of 3).
Moreover, the asproposed low-potential ECL
immunosensor exhibited excellent stability
and reproducibility. The graphene-based ECL
immunosensor  accurately detected PSA
concentration in 10 human serum samples
from patients demonstrated by excellent
correlations with standard chemiluminescence
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RERBRMET S, BRITNEAREER
% DNA Z I RJ3ESE MR IE R, EHERRET
DNA [ e e A S5 B0 M3 AR R, F
F##3K DNA 4+F. B#s DNA 4FFIE A4S
DNA &M EGRRLFRRAIFA S, W
BT —MNROLEHRIARE, FHETHKRE
FRAR YR H AR AT Bk 29 AR 2R,
RBET—MmRE. tEasfeer B2 DNA
fRRRER . ARE KRR THK
DNA -3 FHREE, FEA 745K
WA TP B R EREF K ILH FE e
1k, DNA J5kH i F A2 I FE B A
SACTHRIGE LIRS, 58 HRYBoRHE
MR, H—PRE THERBH R
. ZTEERER S Bk E, HERThib
MR T BAREEEE D DNA A IR, X
P T BIBF DNA-SYKRL T 5 1 sk
2 DNA fBREEE AP . RSB ASE
ZEZEHFEAFT RPRHRR. [1jh-1112]

13, T HE6 A RGN EBOLHE R
HL BB 1B KAT R EYE, I THEE R
B EYRPES BT BSGER K
MALDI-TOF MS #E 5 i &R fEAL & S8 3
—ElE. BIZARE, ARENERKL
EMRERNMABEEER, BRE MR
P, FAEE—EREERT. FAER
W, ARBHETFHESHRERNESTY
FIEARNEE R, ZHBL, HFHESR
W, X5ABIHBMUEVRN n-n ESEE
BFR. BiZE AN T LS QmK)
I BERERI T, SEREFHEAFMREN
RIEE T, BMEHEMWFRKE 100 nM. F i,
DA BIFNEE R MALDI-TOF MS IE AR
RAEEENMNAYME. [1jh-1113]

14, B TiO, HUREETIRER IR = YRl i
ME. EuRES, FRAERBHIER TS
B AEERE ST, BT R RGeSk KR RE
HL R — N ERARGIR G . BRATISE R FH K #4
VETE FTO SHIEBEEL R EH&H Tio, gk
RS, REUHONMF, f&HBEEEK
BE S XEHMBPPIREZ S Tio, gKkEH. 1
X2 R M 4H 255 R G s AL R BR BB FRL Y,
ERE IHKMKET, BE7T 10.05 mA
cm? G ETR, JtEEBRR AR 3.75%,
ELalif) TiO, BEpEFI R T 3 5. XFREH
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immunoassay. The results suggest that the as-
proposed graphene ECL immunosensor will
be promising in the point-of-care diagnostics
application of clinical screening of cancer
biomarkers. [1jh-1104]

5. The bandgap opening of graphene is
extremely important for the expansion of the
applications of graphene- based materials into
optoelectronics and photonics. Current
methods to open the bandgap of graphene
have intrinsic drawbacks including small
bandgap openings, the use hazardous/ harsh
chemical oxidations, and the requirement of
expensive chemical-vapor deposition
technologies. Herein, an eco-friendly, highly
effective, low-cost, and highly scalable
synthetic  approach is reported for
synthesizing widebandgap fluorinated
graphene (F-graphene or or fluorographene)
semiconductors under ambient conditions. In
this synthesis, ionic liquids are used as the only
chemical to exfoliate commercially available
fluorinated graphite into single and few-layer
F-graphene. Experimental and theoretical
results show that the bandgap of F-graphene is
largely dependent on the F coverage and
configuration, and thereby can be tuned over
a very wide range. [1jh-1105]

6. A novel polymeric ionic liquid
functionalized  graphene,  poly(1-vinyl-3-
butylimidazolium bromide)-graphene
(denoted as poly(ViBulm+Br—)-G), was
synthesized. FTIR, UV-vis spectra and TEM
were used to characterize the formation of as
synthesized nanocomposites. Due to the
modification of the polymeric ionic liquid,
poly(ViBulm+Br—)-G can not only be
dispersed well in aqueous solutions to form a
homogeneous  colloidal  suspension  of
individual nanosheets, but also exhibit a
strong positive charge. Based on self-assembly,
the negatively charged glucose oxidase (GOD)
was immobilized onto the poly(ViBulm+Br-)-
G to form a GOD/poly(ViBulm+Br—)-G/glassy
carbon (GC) electrode under mild conditions.
With the advantage of both poly(ViBulm+Br-)
and graphene, poly(ViBulm+Br—-)-G can
provide a favorable and conductive
microenvironment for the immobilized GOD
and thus promote their direct electron transfer
at the GC electrode. Furthermore, the
GOD/poly(ViBulm+Br-)-G/GC electrode
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PR FEE T HRBRPKZHEM . [lih-
1114]

15, HALZ DNALBRBEARREE. R
stk AT, R 5 SRR
MEeS, BRI T AN ZRNE. RE
SRR R BT R R R Bhe e p sk 2
DNA 1288, Bl FHEBAPKBRL, Bt
YERTRL, P FEGURTRL S BRAUKA R
(REPRBRE) , FFEERIT. K2
Wi, AEERMZEFTERHET T KERM
WS, FEixLRRH, RAIX S DNA £
RBRBHPRE SPLE#AT T R RPER. [lih-
1115]

16 KRBT —FMHFHET A RIS/ RER YK
SEmel, BT L Rk
PERE. B SCET MIE BRI B T LIS AR
ARG, HE—PHERARBIRERPRE
EMEl BT AR R R Kot B
OGBS, BB REN 100, AKX
FHEER:#e. JLHT. LRI REE T —A
ft. [ljh-1116]

17. HTARBEE RIFHIMR. RFERE
R, ARB-REMESMRES T
ST RABT RN AR R. BRATELREMLE
AWHERE T HERL R ERRR
B ARBE AR, HEXREEIEADHE
RMEEEE AR (SRSE) HIZEBSRE, N
TAKEETERFR T RELEY. BT ZA
BRE M EFERNLERR, k5H
RIF BRI EMZ K n-n MEEH, 54N
FRIGHREMEL, ARG-RENEEM
B KRR T R U EDEFTERRIER
PSR, ERENFET, REASRBEAH
R, BT KEFFRT T BRRNEWH
SRSE/GC-MS 7377k, FEEThH M A T3
BrKRER . DA 3 B koo, 16 Ff
RT3 A& M A T BRAE 0.005 F) 0.429
ng mL*Z 8], ANRERERHENEH EREEE
S AIFTF 12.5%H1 12.6%. [ljh-1117]
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displayed an excellent sensitivity, together
with a wide linear range and excellent stability
for the detection of glucose. Accordingly, these
unique properties of such novel
nanocomposite generate a promising platform
for the construction of mediator-free
enzymatic biosensors. [Ijh-1106]

7. A nanohybrid of gold nanoparticles (Au
NPs) and chemically reduced graphene oxide
nanosheets (cr-Gs) was synthesized by in situ
growth of Au NPs on the surface of graphene
nanosheets in the presence of
poly(diallyldimethylammonium chloride)
(PDDA), which not only improved the
dispersion of Au NPs but also stabilized
cholinesterase with high activity and loading
efficiency. The obtained nanohybrid was
characterized by TEM, XRD, XPS, and

electrochemistry. Then an enzyme
nanoassembly (AChE/Au NPs/cr-Gs) was
prepared by self-assembling

acetylcholinesterase (AChE) on Au NP/cr-Gs
nanohybrid. An electrochemical sensor based
on AChE/Au NPs/cr-Gs was further developed
for ultrasensitive detection of
organophosphate  pesticide. The results
demonstrate that the developed approach
provides a promising strategy to improve the
sensitivity and  enzyme  activity  of
electrochemical biosensors. [1jh-1107]

8. The self-assembly of tin dioxide (SnO2)
porous microspheres was conducted via a
surfactant-free one step  hydrothermal
reaction. The crystalline structure and
morphologies of the as-prepared samples were
characterized by X-ray diffraction (XRD),
scanning electron microscopy (SEM) and
transmission electron microscopy (TEM). The
results show that the porous microspheres
consist of single crystalline SnO, octahedral
nanoparticles approximately 40 nm in width
and 60 nm in length, with exposed high index
{221} facets. The as-prepared porous
nanostructure was used as an anode material
for a lithium ion battery, whose cyclic
voltammetry, electrochemical impedance,
charge—discharge galvanstatic behavior and
cycle performance were examined. A highly
stable capacity about 690 mA g_1 after 50
cycles at a current density of 500 mA g_1 was
achieved, which is much higher than that of
nonassembled SnO, octahedral nanoparticles
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and irregular SnO, nanoparticles. The
superior electrochemical properties result
from the preferable nanostructure, with the
pores favorable to the diffusion of electrolyte
and providing buffer space for the volume
change during alloying and dealloying
reactions. Meanwhile, the special crystalline
facets of the octahedral nanoparticles can
facilitate Li+ ion insertion and extraction. [ljh-
1108]

9. Highly crystalline and thermally stable
pure multi-walled Ni;Si,Os(OH), nanotubes
with a layered structure have been synthesized
in water at a relatively low temperature of
200-210 <C using a facile and simple method.
The nickel ions between the layers could be
reduced in situ to form size-tunable Ni
nanocrystals, which endowed these nanotubes
with tunable magnetic properties. Additionally,
when used as the anode material in a lithium
ion battery, the layered structure of the
NisSi,Os(OH), nanotubes provided favorable
transport kinetics for lithium ions and the
discharge capacity reached 226.7 mAh g™
after 21 cycles at a rate of 20 mA g™
Furthermore, after the nanotubes were
calcined (600 <C, 4 h) or reduced (180 <C, 10
h), the corresponding discharge capacities
increased to 277.2 mAhg’ and 3085
mA h g, respectively. [Ijh-1109]

10. Thermo-sensitive poly(N-
isopropylacrylamide) hydrogel was used as a
matrix polymer to immobilize

polydiacetylenes (PDAs) vesicles. Blue-red
chromic transition of PDAs was observed at
lower temperature, compared to PDAs vesicle
dispersion. The tuned chromic process was
due to the interaction between matrix polymer
and PDAs, especially the discontinuous
volume phase transitions around the lower
critical solution temperature of poly(N-
isopropylacrylamide). [1jh-1110]

11. Hierarchical flower-like SnO, nanospheres
have been prepared by one step hydrothermal
reaction with surfactant-free. A possible
growth mechanismis proposed. The
application of this nanostructure in gas sensor
for detecting ethanol reveals that the as-
prepared SnO, nanospheres exhibit a high
sensitivity and short response/recovery time.
The flower-like SnO, nanostructures were also
used as anode materials for Li-ion battery,
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whose cyclic voltammetry, charge_discharge
galvanstatic behavior and cycle performance
were examined. For the sample with 6 h
hydrothermal time, a highly stable capacity
about 570 mAg_1 after 100 cycles is achieved.
The gas sensing properties are mainly
determined by the specific surface area, and
the 3D nanostructured films composed of
flower-like SnO, nanospheres are favorable
for the diffusion of gas molecules. At the same
time, the high specific surface area of the
flower-like SnO, nanospheres can provide
more electrochemical active sites for Li
storage, and the 3D nanostructured films
composed of this nanostructure facilitate the
diffusion of electrolyte. Furthermore, the short
rods on the nanospheres may provide a buffer
to alleviate volume change during the alloying
and dealloying reactions between Sn and Li.
The superior properties achieved here suggest
that the as-prepared hierarchical flower-like
Sno, nanostructures have potential
application in Li-ion battery and gas sensor.
[1jh-1111]

12. Sensitive and selective detection of DNA is
in urgent need due to its important role in
human bodies. Many disorders, such as
Alzheimer’s disease and various cancers, are
closely related with DNA damage. In this work,
a novel electrochemical DNA biosensor was
constructed on a DNA-assembling graphene
platform which provided a robust, simple and
biocompatible platform with large surface
area for DNA immobilization. The as-designed
DNA sensor was fabricated by directly
assembling captured ssDNA on a graphene-
modified electrode through the p—p stacking
interaction between graphene and ssDNA
bases. Then, the target DNA sequence and
oligonucleotide probes-labeled AuNPs were
able to hybridize in a sandwich assay format,
following  the  AuNPs-catalyzed  silver
deposition. The deposited silver was further
detected by differential pulse voltammetry.
Owing to the high DNA loading ability of
graphene and the distinct signal amplification
by AuNPs-catalyzed silver staining, the
resulting biosensor exhibited a good analytical
performance with a wide detection linear
range from 200 pM to 500 nM, and a low
detection limit of 72 pM. Additionally, the
biosensor was proved to be able to
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discriminate the complementary sequence
from the single-base mismatch sequence. The
simple biosensor is promising in developing
electronic, on-chip assays in clinical diagnosis,
environmental control, and drug discovery.
[1jh-1112]

13. In this Application Note, we describe, for
the first time, the rapid analysis of
hydrophobic compounds present in
environmental contaminants, which includes
polycyclic aromatic hydrocarbons (PAHs) and
estrogen, by matrix-assisted laser
desorption/ionization  time-of-flight  mass
spectrometry (MALDI-TOF MS) with the use
of graphene as matrix. MALDI-TOF MS with
conventional matrix has limitations in
analyzing low-polarity compounds owing to
their difficulty in ionization. We demonstrate
that compared with conventional matrix,
graphene  displays higher  desorption/
ionization efficiencies for PAHs, and no
fragment ions are observed. The method also
holds potential in quantitative analysis. In
addition, the ionization signal increases with
the increasing number of benzene rings in the
PAHs, suggesting that graphene binds to
PAHs via m—m stacking interactions.
Furthermore, graphene as adsorbent for solid-
phase extraction of coronene from river water
sample displays good performance with a
detection limit of 10-7 M. This work provides
a novel and convenient method for analyzing
low-polarity environmental contaminants by
MALDI-TOF MS. [ljh-1113]

14. Hierarchical TiO, nanostructures would be
desirable for preparing dye-sensitized solar
cells because of their large amount of dye
adsorption and superior light harvesting
efficiency, as well as efficient charge
separation and transport properties. In this
study, rutile TiO, nano-branched arrays

grown directly on transparent conductive glass (FTO) were prepared by a facile two-step wet
chemical synthesis process, using a simple aqueous chemical growth method involving immersing the
TiO, nanorod arrays in an aqueous TiCl, solution as seeds, which were prepared by a hydrothermal
method. The dye-sensitized solar cells based on the TiO, nano-branched arrays which were only
about 3 mm in length show a short-circuit current intensity of 10.05 mA cm2 and a light-to-electricity
conversion efficiency of 3.75%, which is nearly three times as high as that of bare nanorod arrays,
due to the preferable nanostructure, which not only retains the efficient charge separation and
transport properties of the nanorod arrays, but also can improve the amount of dye adsorption due
to the increased specific surface area from the nanobranches. [ljh-1114]
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15. Electrochemical DNA sensors have been increasingly fascinating due to high sensitivity,
specificity, portability and integrated compatibilities with microelectronics. Numerous strategies
have been developed to design electrochemical DNA sensors with high sensitivity and selectivity. In
this review, we will focus on the efforts toward sensitive electrochemical DNA sensing based on
nanomaterials including metal nanoparticles, magnetic nanoparticles, semiconductor nanoparticles
and carbon nanomaterials, especially carbon nanotubes. The potential application of the
electrochemical DNA sensors in gene analysis, diagnosis, environmental and food safety monitoring
will be briefly discussed. At the end of this review, we will give a brief outlook of the future challenges
of electrochemical DNA sensors. [1jh-1115]

16. A novel photoelectrochemical cell (PEC) based on graphene/P30OT (poly(3-octyl-thiophene))
nanocomposites was developed for photovoltaic solar energy conversion. Based on the noncovalent
functionalization with pyrenebutyrate (PB), solution processable graphene was achieved and used to
prepare the graphene/P30T nanocomposites for PEC application. It has been shown that the doping
of the graphene in P3OT film significantly improved the photocurrent as well as the photovoltaic
conversion efficiency of the PEC cells by over 10 folds. The highest on—off ratio of photocurrent from
the graphene/P30OT nanocomposites reached about 100. Moreover, the performances of the
photoelectrochemical cells were largely dependent on the graphene content and morphology of the
graphene/P30T nanocomposites, and the highest photovoltaic conversion efficiency was obtained at a
graphene content of 5 wt.% in the nanocomposites. The solution-processed graphene/P30T
nanocomposites PEC provides a general platform for next generation solar energy conversion,
photoconductivity and photodetectors. [ljh-1116]

17. Due to the excellent mechanical, thermal and electrical properties, graphene/polymer composite is
expected to have a variety of applications in analytical chemistry. In this study, a new poly(ethylene
glycol dimethacrylate)/graphene composite was prepared by in situ polymerization. The new
composite was used for the first time as the extraction coating of stir rod sorptive extraction for the
preconcentration of polycyclic aromatic hydrocarbons (PAHSs) from water samples. Because of the
high specific surface area and p—p electrostatic stacking properties of graphene, the graphene-
polymer composite showed higher extraction efficiencies towards most target PAHs from water
samples than the neat polymer. Under the optimal conditions, a method for the determination of
PAHs in water samples was proposed based on the combination of stir rod sorptive extraction (SRSE)
and gas chromatography-mass spectrometry (GC-MS). The limit of detection (LODs) of the
developed method for 16 PAHs ranged from 0.005 to 0.429 ng mL_1, depending on the compound.
Good reproducibility of method was obtained as intra- and inter-day precisions, the relative standard
deviations (RSDs) were less than 12.5% and 12.6%, respectively. Due to the excellent mechanical,
thermal and electrical properties, graphene/polymer composite is expected to have a variety of
applications in analytical chemistry. In this study, a new poly(ethylene glycol
dimethacrylate)/graphene composite was prepared by in situ polymerization. The new composite was
used for the first time as the extraction coating of stir rod sorptive extraction for the
preconcentration of polycyclic aromatic hydrocarbons (PAHs) from water samples. Because of the
high specific surface area and p—p electrostatic stacking properties of graphene, the graphene-
polymer composite showed higher extraction efficiencies towards most target PAHs from water
samples than the neat polymer. Under the optimal conditions, a method for the determination of
PAHs in water samples was proposed based on the combination of stir rod sorptive extraction (SRSE)
and gas chromatography-mass spectrometry (GC-MS). The limit of detection (LODs) of the
developed method for 16 PAHs ranged from 0.005 to 0.429 ng mL_1, depending on the compound.
Good reproducibility of method was obtained as intra- and inter-day precisions, the relative standard
deviations (RSDs) were less than 12.5% and 12.6%o, respectively. [Ijh-1117]
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Group(A) (Jia-Ming Li):

(jmli@tsinghua.edu.cn)

(tel: 010-62788597)

With the high-performance specialized parallel PC cluster, our theoretical computations have been
carried out. Our research centers around developments of

many-body quantum theories and computation methods; More specifically we carry out theoretical
calculations of properties and related dynamical processes for atomic, molecular and cluster systems.
More specifically as follows:

1.We have proposed a workable scheme to construct the "quasi-complete basis' for general atomic
systems. Using such scheme we can perform precision calculations in atomic systems. More
specifically, we have carried out calculations in Mg-like isoelectronic sequences with two valance
electrons. We have elucidated the four competing mechanisms(i.e., spin-orbit interactions, relativistic
corrections of electron exchange interactions, electron correlations, and Breit interactions) of fine
structures splitting variations in 3snd Rydberg series clearly; and also calculated the radiative
transition rates among 3s® 'S, 3s3p 'P4,3s3p °P., states.[ LIM-1101]

2. Electron-impact excitation processes are of fundamental and practical importance. Adopt the R-
matrix method which can treat precisely all important atomic energy states, we can accurately
calculate the scattering matrix ( S matrix) for electron -ion collisions. Through the analytical
property of $S$ matrix, we can calculated the energy levels of all excited states for the corresponding
atoms. By comparing with the accurate spectroscopic data, our theoretical calculation results are
accuate enough to elcucidate the anomalous fine structures of ?Ds, 5, Rydberg series for Na atoms. It
indicates that our calculated S matrix for the J™=(5/2)",(3/2)" components have reached the
spectroscopic precisions, similarly for the other J* components. [ LJM-1102]

Therefore, it provides a scenario to obtain cross sections of electron-ion collisions with
spectroscopic accuracy which should be very useful in varies application fields such as fusion
researches, researches in astrophysics etc.

3. We continue to develop a first-principle tight-binding molecular dynamics computation code in
order to calculate cluster systems with a relatively large number of atoms or molecules which will
provide various informations about various '‘nano structures". We adopt the tight-bingding
molecular dynamics method to study encapsulation processes Cg into single carbon nanotubes. for a
(16,0) nanotube, it is impossible to encapsulate Cg, into the tube because of a much larger ebergy
barrier with the relaxation of the open end of the tube. [LIM-1103] Such studies may be useful for
potential applications in pharmaceutical molecule encapsulation processes.

Group(B) (Jun Ni):
(Junni@mail.tsinghua.edu.cn)
(tel: +86-10-62772781)

1.First-principles calculations have been performed to investigate the electronic properties of
graphene nanoribbons with topological line defects composed of octagons and fused pentagons. We
find that the edge-passivated zigzag graphene nanoribbons (ZGNRs) with the line defects along the
edge show half-metallicity as the line defect is close to one edge. The electronic properties of the
ZGNRs with line defects can be tuned by changing the ribbon width and the position of the line
defect. When the position of the line defect changes, there are transitions from an antiferromagnetic
semiconductor to an antiferromagnetic half-metal, and then to aferromagnetic metal, suggesting the
potential applications of the system in spintronic devices. [NJ-1101-NJ-1103]

2. Hydrogen has been recognized as an ideal energy resource for future energy schemes because of
its efficiency, abundance and environmental friendliness. The safe storage is important for its wide
application as the future fuel. The hydrogen storage material should meet the requirements of high
gravimetric/volumetric density, fast kinetics, favorable thermodynamics and good reversibility. The
BC; sheet has been produced experimentally. We expect that BC; sheet could be used as an efficient
hydrogen storage medium. We study the hydrogen storage on the calcium-decorated BC; sheet by
first principles calculations, and find that the Ca atoms can be strongly adsorbed on BCj; sheet
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without clustering, which facilitates the reversible hydrogen adsorption and desorption. For one Ca
atom adsorbing on the (2>2) BC; unit cell, each Ca could adsorb up to six hydrogen molecules. By
adsorbing Ca atoms on both sides of BC3 sheet to form (1x1) pattern, a hydrogen capacity up to 8.4
wt% can be achieved and the average binding energy of hydrogen molecules adsorbed by Ca atoms is
about 0.28 eV. [NJ-1104-NJ-1106]

3. We have investigated the structural stabilities of iron arsenide compounds Ax(FeAs);-, (A=alkali
and alkaline-earth metals) by first principles calculations. We find that (i)all of the experimental “122”
type structures with composition x=1/3 are stable; (ii)all of the “111” type structures with
composition x=1/2 except CsFeAs are stable; (iii)K3FeAs with composition x=3/4 is stable. The
predicted stable KFeAs, RbFeAs, SriFeAs, BaFeAs, K3FeAs have the As-Fe-As bond angles close to
the ideal tetrahedral angles, indicating that they may be superconductors. [NJ-1107]

4. We have investigated the structural properties of 3d transition metal antimonide compounds
AX(TMSb),_ by first principles calculations. We find that the stable compounds focus on x=1/3 and
1/2 compositions, correspond to the “122” and “111” type systems, respectively. For Ca-system,
CaNi,Sb, and CaTMSb are stable. For Sr-system, SrTM,Sh, and SrTMSb are stable. For Ba-system,
BaTM,Sh, and BaTMSDb are stable. SrTM,Sb, and BaTM,Sb, show the transition from the ThCr,Si,-
type structure to the CaBe,Ge,-type structure with the increasing transition metal 3d electrons. The
transition is in connection with the intralayer and interlayer TMSb bond length in the CaBe,Ge,-type
structure. The stable compounds have various magnetic ground states. [NJ-1108]

Group(C) (Gui-Lu Long):

(gllong@mail.tsinghua.edu.cn)

(tel: 010-62772692)

We studied the difference between classical deletion an quantum deletin [gll-1101], proposed an
entanglement purification protocol for high dimension electronic state [gll-1102], a measure for
multipartite quantum entanglement [gll-1103]. We wrote a review article about duality quantum
computing [gll-1104]. Experimentally, we demonstrated a quantum fixed-point search algorithm
[all-1105]. We gave the Fourier transform for high dimension system [gll-1106] . We gave a solution
to the zero-wave function paradox in duality quantum computer.[gll-1107] We proposed a quantum
secret sharing protocol based on Grover algorithm and experimentally demonstrated the protocol.
[all-1108] We gave a geometric explanation of the quantum search algorithm. [gll-1109] We
theoretically studied the decoherence free subspace for anyon quantum systems [gll-1110], and the
quantum gate in using anyons. [gll-1111]
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Constitution

1. The Center for Atomic and Molecular
Nanosciences consists of four research
divisions.

2. Research of the Center covers the
following areas: ultrasensitive detection,
ultrasensitive recognition, manipulation and
control of atoms and/or molecules. The
Center of Atomic and Molecular Nanosciences
welcomes both domestic and foreign
colleagues with common interests to join us to
carry out cooperative researches.

3. There are two special Committees;
Supervisory Committee and Scientific
Committee. The Director of the Center of
Atomic and Molecular Nanosciences is in
charge of the Center. The decision of vitally
important issues will be determined at the
Director Meeting chaired by the Director. The
members of the Center have right to make
their suggestions concerning the Center.

4. The Chairman and the Deputy Chairmen
of the Scientific Committee as well as the
Director and Deputy Directors of the Center
of Atomic and Molecular Nanosciences are
appointed by Tsinghua University. The
Members of the Scientific Committee are
appointed by the Center of Atomic and
Molecular Nanosciences. The Directors and
Co-directors of the research divisions as well
as the members (including visiting members)
of the Center are appointed by the Center.

5. The financial budget is decided at the
Director Meeting chaired by the Director.

6. The Center for Atomic and Molecular
Nanosciences invites and appoints qualified
scientists as its faculty members.

7. The Center for Atomic and Molecular
Nanosciences will provide additional benefits
to the members (including visiting members).

8. The Center for Atomic and Molecular
Nanosciences, Tsinghua University, owns the
intelligent properties.

9. The Center for Atomic and Molecular
Nanosciences welcomes donations to promote
scientific researches and educations.
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