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ABSTRACT

This thesis is about the translation and writing of EST (English for science and
technology). It briefly analyzes some common problems in translating and writing ESC and
puts forward three principles for translating EST: the principle of fidelity; the principle of
cxpressiveness and the principle of elegance. This thesis also elaborates systematically on
how to put the principles into practice as well as the lexical and grammatical characteristics
of EST. Based on the analysis of four publicly published papers in chemical academic
periodicals both at home and abroad, it also discusses the composition, basic demands and
skills in writing EST papers. Because EST writing is too much a complicated issue, which
covers S0 many aspects, such as English lexical and grammatical writing skills and the
specific questions on scientific specialties, this writer selects a chemical paper published in
Advanced Material 2006, 18 as a material for analysis of some expression mistakes. Finally,
this paper gives some typical mistakes frequently made in writing scientific and

technological papers.

Keywords: English for science and technology, translation, writing, typical mistakes, analysis
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F—F BERAXHEBEEMFHFENEE

1.1 8|8

HA4MR, FERARERRE, REREGNHE, BHRXHE % ULER
MFRXRRRMR. Bk, B ERENERTESREIIRATNNER. o
% BHEHKE (English for Science and Technology, f# EST) X MBS EH, B
WEHETHER T X OMEEZ —. —BRE, FERBETHERT —ENXER
B, BHHLRN VSR, BRERSERRBXHEEANHDTEEL &R,
BEEFEREEG. LREVFRAREEMEESTRMZHFINESESNECERH
KEXEPHBRAASE, KEEREAFHROBHPERE LA, FXERTER
HBEATRENEENEZRICAPMUSTHR. BEEAERESEN, HHATME
RETFREEMAGERFH:; FHATHREMNBREERLH—BHARZTHEEH
#); ARTEEEAARERX LSRN ERFEN. WHEVENETELRE
RAEFRENRENET, MAEXAIGE, XRANBEGEAMREN: &
BUFHBREEATEONERLRERER, W3ganddg HBEREANE, MHEZEHR
3 and 4 g HFNRBTHUZAETHERIMNESHHFSFAEREZEN. B2,
R RER XN BEARE R L 7@,

KAANREHERSBHOENEF. £EFP, NS 0EREHIE, XFH
#. BRYBEANACHES. A5 EERXSHERTR SR EERITN
HREFERR. EAU0HK. AEHABREXERZHEXEEMREXEZE, ¥
WEGR T ERNFRTEER, FESHFABEEER L AEEREEERT
KEEFmOER. FE. ERELENES.

i, BERE “E—RESLFNBEXAN—MHESXFEREHR” (518
BANEAR). ABRAERESXELENIEESERAL, BRETFENEEL B
HAX B, EEESRBE, HAESEHABANRELNEY, FEFERRE
%, WABES EORERERE LAY, BXHERER, FHGEHENSHERYE
RERE. A, chirREXNRG. ik, BEEENCEXRLAEKTIALE
WHs, mEZHm.

The R* T is the same for all planets.

—VEBHRE R 5 T2 %,

RABAAK, HEROIE, HEELEEFRMATHIGE, HWER—FDHX, W
B AY, FWEFEF. “for all planets” HRA)PRRE, EERERELTFEERSK
e, WRIBEXER ‘R’ 5§ T2 FREMERKRLERAN,” ZTMHiETRE
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REHFEN, AARNYMORS, HAXKRIRFRIRE.

1.2 BhFEPELE B R E e
L2.1 8%REm

A SERE S FROREADZ —, Gatford AN BIERMHEEEH—A9K,
HAMBBUMEXR, BRELRMPLONEREBNBEPRINER. NEiFRiR
L, BMBEREBRETRPIREENS, DERMMNIAE., A1F. BXE,
REERR FERLTRERNBE, WEMSIERM, LH#ERERNAZREE T
HRABRENR, PEAEMEN. Ef. BRECEMHERE.

BEREARAESALKAHERZEER, FAFTHSIUNEREEALENE
HREBFRNRE LOEE, FHREMBRIGESNEER RN, FU Nida 48 (8%
BRH5ER) —XPilA, “BEEZEPIUE—IRE, HE—HEAR, TAEEEM
FEERIER—ITER", Bk, E8ELES, HREGENERARERERS T
HEE, BRERANNR, FRERMEREYL, RAATEMTHIINERE. &8
EHEAT, BERARARHERR. REXBENA TR, FREKASIF. R
BROE, RatBIRE; AREAN, TH—SMEER. HTEMSLALH
MR BIER, (AR, BA, H@E “€” # #E “€” & PRAELKALR
LRGSR, ABELRY, 2FSBFE—X, AL XFRE, XERNE
MEMEE L, BEHRERL.

REXNHEEERF SAHETHHRR, ERIEHFPET “BE” WEY, Bk
ENERNEEORERFER CENABEL. WREHRYEASHERTIERET
BHELENPOBERLHY. HERGXEPLBEXNLIED, FENEREBELER
EHPLBERREN. BTXEKER, RERARRED, MHEBE. 4. #i#T
WHAS, REMER, ASBRIXENERET, EHFERLTHETFT “BE”.
AFAGETEAAERREEHFPEHEF A BER L, XEHF LR—AANRLAREK.
KPESTEIW, BREBSEHMRELNERS, BEBSEUARELHER
R. EXEHER T EHEFENTHE BFNSABELEERR ERATNG
LBEE, mEERER FOEREE, KSFEXAHAE, HCIEE. XNUE
ERBEAENEES N, FABESHE,. L TFTXXR. BEEXEANERRES
B, MEXHREEFE—EREA G 6, EEFESRROCENEE SE YL, IR REE
BELIEM.

ELDLHBRUMGRZT, WEAEL AN EEREASHEIET HBRARE,
FL A H i5 5 Fe RS o F LA R

1. IMBHENEE

EI robot EEH “VBA” RIAAEGHY, KERFR “AN” W “NB" K
HA “WAN” a8 “Eaeh” Emy). ERESBIHE LOEHRET “HBA" X4
W, SMAEMBK, AESR, LEsSIEFKEL. BEXAN, HEAEERNZ
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FEEEEER, XR—AERRU.

2. EEE R

radiodetectingranging FBE “ TE BRI 5ER ", HELE Y radar FEEEH
“%Hik”. longrangeandtacticalnavigationsystem 22 “TRERFHRL”", REH
#4515 LORTAN H¥EEA “PHEAA".

3. iR RN

probability IX—#t&, EMETELN “BE", MEVBZEXMEHD, &
BEED L L BRE”, HE “BE”, L7, ‘BARE” RHSE—FH,
BEg—EHLEENRETLH “BE,

4. EEVERL

FH“BXE+X" WA, £ AIDS $ER“ LR " XHAEFENFE, 1€ clone
BiES ‘wiE” % ZRFETEERTEPHEEE. BHERENHEAEEGEN
FPLABERENME. EXFELEP, NHPHBIFLHEEE. HokRg—
. Wit “firewall” #4 “NMERERZSHRLE” RAW “BIkE" .
1.2.2 EWRW

EMIPLERD, FXESLAEMEE, FARNESHRABER, FERIEE
¥, BECOCEAE, SHEIAZENHEEAR. RX kK, FBRHAENT
XEP-MANER, KIXNENCEEHOEE. AUEERRYE, §%, i
EREXEER, ERtMERAREE, EREARNESHEX EREWERR
RAMRAMZRESHENE X, BEEXENASFEBRERREANESHE. 7
RUEA)FREART, EERERTERE LG, BOEHRGREEMRHEH
AFHRE. EXMEET, FEEENGTFLEARNIINESREIRMIERE. X
AT+ FEREBEETH, FMUAERKLOR, SHRECHESF, WAEEICH
EFELEBEER, MR-BSHHEY. THERSEEEHARGEC. Eit, X
EPL2EUARXSHEAZRNIE. XEHERERXEHELYPEREEL T
BMAE. EEHNAXOHT, MURTEEELER. FEEBREARARRE
T, REEXEPR—EALCE—/PRIXFIAPERUEBREINRAZHTT 28, XE
HEBFEATAER - MAI AU AE. mIGERE RN R—BEHEY.
THEERE, EXLHAR—RICRE, BROTH, FHER, RAITRELNE
Btt. MREAEERIBHCROREER, B PR TRURE A AR,
MAFIRBSAE, FXF “EM” MER.
1.2.3 ZBEREM
1.2.3. 1 83

HHREXEL-IEERS. hFEXERNFYRERBHINHN. BHHEE
PRXFNREHEBIAEE, BYXHEHRERETSEROHERS, AHFRIN
SHREBCOEL, AMRBSERERNEE. FiLl, EHFNIRY—EER
FERNOMNREH, FFXRSHERFTPRNHEROBR.
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1.2.3.2 #BE

ERREEY, BAEREEHEFRR RO EASE, BAit, LAFY
Hil, ERMY. EXEMEELEP, EAHRR 8% 5 8" XHEK
#E, RGERRBRNABAZERIHE.
1.2.3.3 @#=x%

A FHAGECE kR, AHEERABANERRESEE, EHRHEER
REMEEEL. BE. REANEREARARH, Fit, A8FHENRETHAR,
ESE®. TWTEMRN, FiFIAMESHERRGERD, fEEERE L&Y
BEE,
1.2.3.4 K%

BOEERANNE, eRAEFEIYZP. BHEEN—NRISFERREE
%, HAMKESEHERRUBSHXFERSHERANGER. HEIGEMZHE
SREERAENLE, hEAENEE. FFUASFOTED, EEAATO0SH
L MaE, CAMFBERRAERE.

Rk, ZE#ITREREECENEEN, KARNGELET “£L” M “EBWM”, i
MEHERREPERBNERS, £FXMBEER. HRESPMOUER, #ANEN
PHEREXEMNSFIETRBIRNER. b FEERXHRESEHERA
HEmkEER, EXMENL, EREFSIXE - BEXRENN.



EFTE MREHEERBRCREAZESE

2.1 8]

MEEBEHES. HCREEX=ABREE ki, HERESHERER
BEXH, BHAFRERBGERSH HOASA. BESGENS I ERTEEE
BAE kA, KPFERMEERHR. EI0H4. REEW. £HEW. AEHD,
FAFMBMEWHALHE. TTREPHRRS AL —THBENRE, nEE
EEPEHRAENEAX —MEENH, BEHARREE—VBATRERBNESE
ik, HNEATHENESREAERNE. EH, W Figure 5 shows that... EH it is
shown in figure 5 that... B 4f. MHEIGERERICTBXE, @ ARFMERBRHE &E
A ABAREHE) #ERXFFNILELRIESY, LRBEEFHCNQET RN
RAEm T T REL.

2.2 BHEEERTHHES 2
221 —iE% X (Polysemy)

FEEE—NE XA —HRBSFMENERAPH— M RBRE. ERHEX
EEATMAREEICERP, FHLYBENFACEEXERERE “—iHEZ " HFIE.

—kiR, —EZAWEEAEEIERTHAEN:

22.1.1 EXHW (sense transfer)

BEEEMER, HEFRENER, SHHERSUNETE. YHTFEXENR
HRERE, BE—ANFRSA— T AR, AGITCURAE SPHRA AT H
B, BRPHI . XRIBERF BRI S A 18 S5 R 75 50 thra i 2 5l B
WM. XERETEXHHE. bond@G &Y. BE, R, Z—BEXRB—BEX—
— “§@” ({0 hydrogen bond E8) ZMIFAERHNKR: HEEH “BHEES
REPRFGA”, T vond FHAREED —DPEL—R. B activity iE3—
—iEsE——iEtE: coordination BLE, PHE—@EOL;  reduction BEE—— (fL&H
f) ——BB:  rectification £ IEBUEZIE ~ — AW TR IE — — ¥4 78 surface tension
RMEHKEPE——FEKD; mouse ER——mouse BiF, library B HH——P
BE—~library(FRFF, f58)E:  kill R——kill 5B (75 &), probe i§ 2 ——probe A T
PEEENFEH CM: package (BB —RKAH.

BAFHLGES R -HEUTRES, BFFERELERNEEACLIEAT
FREMALERR. AMEAME “GN” X—PLETE, BETAT—1MSAREN.
BRB A — “bug ( Ro)” RS BLOITER. ANNEREREINRN

5



AR AmAEA R ERF T ES AMEEZ —. W “cube” —i, BR{UE
“SLEE”, ERAMNERLERE - EOERN, REHEIKAR=KHET
LAHX—ZR. TR cube” —AEERELRBT —AMHFX—“=KR". “green”
—iERETHE ‘6" MFE, BN —UAERNENSEY, BUEZ. B
HZABMHNEXEYNETFRERN, BEAROIY EESTEFLER LHE
o WURE"MARLSRFEN, W GE”WKEXBREBRKEY, KHit“green”
BTIXRET “HEE7, “KERE” %5
2212 HLCELRMEFLRDPEREFLRERRY

—hH, ESEPHNEMEREEE—-EN, EFHR, HLEEEEETN
HEXR, ARRESCAEGTUEREXERAE L. W:

Batch filters can be coupled to continuous plant by using several units in parallel, or by
providing buffer storage capacity for the feed and product. 8] &kid i th o] LUE i 6 L
EREFBRM G ERE NS RBAREE M EFR DN FELLEER. be
coupled to B45&. ., BRANEE, XB3i$N “MEF”. B the film was aged
at room temperature for 24h and then heated at 353 k for 20min. St 7P aged REHhZ
B, BMTEY ZBREERTEN 24 M, ZEMAR 353k, FERF 20 2807

“measure” —id, 7E “angular measure” PIE “( ) ME”; W4 “greatest common
measure” PRITE “(BR)ZAK".
2.2.2 hRFEGA

BAHSKEERESME, EFRZEMHEHE, FRMREERMEAKEES,
RKREETEMAC. BEEEEPRIMRE, ZRBTR. ENCHSEREBEEE R
HHEE . W: robot HLBAFERIE), spunik A PEURIE). HBEBERWBMNR T &
AERBEPHELFOMERRATBN L. FRAED syn-(GtRE)AI-tron(3R)HI AL
synchrotron [ & 2% BT i# % sub-(IX, IE)M-son(F F)HI subsonic TEFER); B
10 cryogenics {KiE 5. nanometrics 4K H; K. tomography X &M EREHA%%.
223 PN EREEH R

KEHRELEFTE U ERR. IR R D:auo- “ A31”7, autoalarm B R
4% multi “£°, multisystem &K poly- “%£” polysynthsis £TLA s mono-

“H$.", monophobia I 5 B#i: J5 4% HJ i W -graphy “BE AR ” Computerized
Tommography(CT); -naut“#{EA B ", Internaut BI%F MR @& ; cide“ 2", ecocide
HEHKH; -oholic “%F, H”, teleholic HMMEE.

TRIHEEBR IR CEYRSHKA, XEEICEHE SRR

HRK. EEREIARARRTTHRE.




# 21 BHERANDE R
R (%R -ane) HELK $iE (R4 -ane) L BH
BFHTR) BT AR
methane B cthane L5
propane AR butane Tt
pentane Rk hexane o5
heptane B octane 5
nonane " decane by e
undecane +—iz dodecane + %
tridecane +=% tetradecane +Mz
petradecane +EH hexdecane +55
heptdecane +tix octodecane +\#%
nondecane +hix isoane iy <4
REDAE L BH RENAE LB H
(B%-yD (B%-y)
methyl B o ethyl i
propyl o F butyl TE
iso-butyl BRTH terbutyl HTE
pentyl Ak iso-pentyl L J)°#
neo-pentyl 2y hexyl ot
y 7 fLFE2H poS 22K
(4 -ene) (R%-yne)
cthene V- ethyne i
propene i propyne 5723
butene TH butyne T
pentene V4 pentyne Rk
niE [AE4 B E(Z# halo-) HFELH
(B cyclo-) ERECIEY)
cyclopropane b7 73} fluoro- .
cyclohexane Hogk chloro- :
methylcyclohexane HER O bromo- "
3-methyl-cyclohexene 3-BREH iodo- |
cyclohex-1,4-diene 14%32=#  1-bromo-4-chloro-benzene ERE
#¥(~ alcohol) % B} hEE® MEABRE A ZF
5% oh (5% ate)




methanol; methyl alcohol ¢4 sodium methanolate FH R 4K
ethanol; ethyl alcohol 8 potassium ethanolate ZEH
propanol; propyl alcohol .1 aluminum triisopropanolate =R A4S
butanol; butyl alcohol TE sodium benzylolate FEEH
phenol P 3.4 sodium phenolate FRh
1,2,4-tri-benzene triol 1,24-%—K  monopotassium pinacolate  JWyRE L
& HEL K HESHE(RT R epoxy-) ¥ 25K
(~ ether) 7% )
methyl ether Mk epoxyalkane HEER
ethyl ether & epoxyethane FEZE
propy! ether 73], epoxypropane HEHRE
butyl ether T epoxyhalopropane HE iR
ethyl methyl ether 7, &k 3-chloro-1,2-epoxypropane A T AL
R (~ aldehyde) HFEBH ¥ (~ ketone) LK
(G %-ab) (5% -one)
formaldehyde Higg acetone [73]. 7|
acetic aldehyde; ethanal _E butanone; ethyl methyl TH
ketone
propionic ahdehyde [73]-%3 pentanone 347
n-butyl aldehyde; butaldehyde TE 2,4-hexancdione 24C "M
% HFE LK M & (3 RE) h#E 2K
(5 B-ic acid) (5 %-ate)
methanoic acid i formate E R £ (88)
acetic acid . acetate ZRRE(RR)
propionic acid [E5]. propionate R (R8)
butyric acid TE butyrate TEH(E)
valeric acid; pentanotate A pentanotate; valerate ()
hexanoic acid; caproic acid ot 7 caproate R (8
Bx 2 BE i {LFE LK
VE%-yD) (5 & -amide)
formyl HEE formamide F R
acetyl LR acetamide LB
propionyl 73]/ 2 propionamide 7). 4 4
butyryl T butyramide TR
valeryl R pentanamide Uk R
(' HELR Ba(~ ester) HEBK
(5 %-amide) (5 %i-ade)




methylamine =204 methy! ester R

ethylamine ZRE cthyl ester .
propylamine 74 propyl ester Fike
butylamine T ethyl acetate LK
amylamine ERE methyl propionate 7 15
¥ C-nitrile) 22 Bt 8-yl chloride) 3 5 H
~ cyanide R &F (~ anhydride)
acctonitrile; ethane; methyl o acetyl chloride _EX
cyanide
propionitrile; propane nitrile; 75} butyryl chloride TEE
ethyl cyanide
butyronitrile ThHE acetic anhydride N

®22 ERALHDHANS

# 4 81 B (BZ-icacid)

S hydrofluoric acid

2ol £k hydrochloric acid
haloid acid HEM hydrobromic acid
SR hydroiodic acid

SR hydrosulfuric acid

B carbide silicon carbide BX{LRE
4k nitride magnesium nitride (L8
it oxide calcium oxide HLF
Sy fluoride sodium fluoride AL
Bt sulfide hydrogen sulfide LA
#4iLy chloride barium chloride $X AL
Rty bromide potassium bromide JR L4
Bt jodide silver iodide LR

AEMY hydroxide aluminum hydroxide & fL455




x24 SHEBENNE

 AEMEXMR#
(B %-ic acid) %Y i (R Bi-ate)
EES boric acid borate
RS carbonic acid carbonate
£l nitric acid nitrate
=g silicic acid silicate
7. phosphoric acid phosphate
W sulfuric acid sulfate
-t thiosulfuric acid thiosulfate
. chloric acid chlorate
RES bromic acid bromate
il iodic acid iodate
R chromic acid chromate
i dichromic acid dichromate
WX B (4 -ous acid) Xt B 3 (R 4R -ite)
L% . borous acid /
WA nitrous acid nitrite
L1210 phosphorous acid phosphite
LIZ5A. sulphurous acid sulfite
[I%f. ) chlorous acid chlorite
FRE bromous acid bromite
Rz Y. iodous acid ]
FHKERGTH hypo-; B % -ous acid) 5% £ (AT4R hypo-; 4 -ite)
KRR hypophosphorous acid hypophosphite
i hypohalous acid hypohalite
REM hypochlorous acid hypochlorite
KRR hypobromous acid hypobromite
K hypoiodous acid hypoiodite
by Q- sulphoxylic acid sulfoxylate; hyposulfite
YT nitroxylic acid nitroxylate
ERIRERATH meta-; BH-ic acid) % RY 36 (AT meta-; R%-ate)

MR metaboric acid metaborate
10



MRS metavanadic acid metavanadate

=ed. metasilicic acid metasilicate
P AL metaphosphoric acid metaphosphate
FEAERETH per-; B&-icacid) 3B R (FTSE per-; % -ate)
A perchloric acid perchlorate
MR permanganic acid permanganate
B periodic acid _ periodate
- ferrate

B

ferric acid

224 HEEUVACKBER
macromolecular K7 F 8, ®7-FH thermoplastics $ B BEL, PIBHEAT,

supersaturation LY, countercurrent contacting i W #ifk, electromagnetic HEE,
Kt noncondepsing FEREAEN. BHTHBEMENHTAL: telemicroscope HiE
2 7% (tele-+micro+-scope),  phonophotograph J5 % f& #H(phono + photo + graph),
magnetohydrodynamics B4 f1%(magneto-+hydro+dynamics), anamorphosis ¥ %3%
#%(ana+morph+-osis), polyoxotungstoeuropate Kio[EuPswigOo), photochromic %% . {H
ENEER—EEANBHEFTHEAGTR, HUAEE - SERKEREEEH
¥, URERINA S REXNBEIMGE I RHE JGE AT R R ISR R s e R 3
WHEN. BEKMEXORE, HUERLHEEEEHLEER.
225 KEXRBES

BEXEHAXRXASREE, IRARTER CERETE, MR HER
HE. BaginfRigsic, —B TR, BERN+2%T. 8 F 388 E0 NMR  (nuclear
magnetic resonance) ¥ 3Lk, PVC(polyvinyl chloride)s& 5 Z#: PVA(Polyvinyl
Alcohol) B Z4#®: EDTA (Ethylene Diamine Tetraacetic Acid) Z % UK ER;
UNIQUAC (universal quasichemistry activity coefficientyE{L 5B RH: LAS (linear
dodecylbenzene sulfonate) it + (B BRAR I . XJ JF H WA BEAT Bmiin T4g g tm:
knowbot(knowledge robot)E 2% A, DBASE(Data Base) ¥ FE %%,
2.2.6 FEGS P I S

SHHERRC. XREN “ERHBEETAICEALAZAHR: EX. BH. HE:
EARCRE G FH X EAREE; FAERRACERER, SERGHAH". “X%
RERERESERE SHAE, &iaRBERUABE BN FRAFAREIC
eV, BEBERE.” FTEAFNEANERACHEELBENR, its
%,

1



® 25 ERMERACAEFELEATREE

E R ] BHE U1 e EREOCK S FHE R R e
take in Absorb ask inquire

push in insert begin commence
push down depress buy purchase

put up erect/establish carry bear

put together aggregate. assemble change {ransform

put in add cheap inexpensive
wear away erode end conclude

take away remove finish complete
send for Summon get obtain

use up consume, exhaust | &ive accord

carry out perform have possess

come across encounter method technique
make up invent obtainable available

put up with tolerate avoid circamvent
go with accompany quick rapid

fill up occupy say remark/comment
bring out introduce similar identical
break up fupture touch contact

put out extinguish try endeavor

look at Cover) cxamine use employ/utilize
find out discover put place

drive forward propel fire flame

keep up maintain happy excited

turn upside down jnvert careful cautious

st fire (light) to  inignite care caution
make..,weak weaken heart center
take...imo pieces  dismantle enough sufficient
turn...into liquid  liquefy by whereby which

be made up of... be composed of... in which  wherein
about Approximately in the end eventually

= === e e

2.3 MRS

BB EN — R AR A FREN. SHE, EERBUREE
Yok, W XEAEEZRYE, HRTFH. Bk, —BAIEMBREEeY; TEIRS
B, #EMY. gL, HEUTEERS, SHERZ.

23.1 HBHERA



BEEEFERE g L, gBNERk, EfdLRIRnMLaRN%.
b, KEfFAKRA. #:

1. Surface active agents or surfactants are chemical compounds that when dissoived in
water or another solvent, orient themselves at the interface between the liquid and a solid,
liquid, or gaseous phase and modify the properties of the interface.

REEWAEBEAREKRILCTHENTE, BBER-E. B-%. B-S50E
FHEAH AR R ET RS,

2. It is made by sulfonation of linear dodecylbenzene, which is made by alkylation of
benzene with a straight chain dodecene whose double bond is not necessarily in the terminal
position

ERBA&NET ZREXNBRIETEIRK. 2R EXN h x5 HE+ s
B, +HHFARERIURAE—IR. which is made...... terminal position EEM ], B
dodecylbenzene. whose double bond is not necessarily in the terminal position 7 &5 M ]
FHIEFMA.
232 kA BEWERE

PR EEHAPHRBZRANARAR. Fit, HEELMEENRILANES
£, FAHMENL. 8. ERRBLPRSTRLA™E, B, BTSN,
Bril, S3ERBEEAL, SREEHRKUREARE “ZRANGEULEEHE B
& A BAREFAHL, HTHEHTCETRFAER, TSRS SN
g1 (MAEE. AEXEE. HEEEEANTRREENDS).” —MFRE
KENMT, H7, EEREK. BNXENET, RINEERRBAGTHEERS.
HERIPIREREMERANMNAIREES. ERERaOPEER—-PMIFPES
FAFFFNENE, NEFEE, EERAG, NOEME: THEEK. A2,
—B#-E, —Hn—i. A FEREERR, ATFERTAIK, FiEEmEsal.
Hia:

1. Although this factor is an advantage for hot air welding or high-frequency welding,

it is a disadvantage if, as was still the case a few years ago, thermoplastic materiat is to be
melted for injection moulding by means of an external supply of heat,

BRE—mX FREABENEREERE M AAEE, BmERILENRE,
P B PEE MR AGHTRAEBNE, XREMHEE. &aEa
...t is a disadvantage.... as was still the case a few years ago, & if £HFAIFPHIBAE,
as f0E T 3CP ) thermoplastic material i... supply of heat IXFR B . Although 5|3
i XAk RENA.

2, Its use is usually restricted to preliminary work in which products will be held for

additional separation at a later time, when most of the volatile component must be removed
from the batch before it is processed further, or for similar noncritical separations.

HERBENNAEERRTHSNFETE ENTR—REATHUEEIE,
HHATH— SN B A, LARRAKEEYEPHARMHEREAS B H X,
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HERATEMHAEENE. FAKEEREH R Its use is usually restricted to... or
for similar noncritical separations. in which products ...further £ EM . when ...
further RIXAE B M AP R B AR KRE NG ERBE RS, XHk
AITRZRBHACHEAFRE, XEEREL,

3. Surfactants are not only important as the active constituent of cleaning agents (soaps,
detergents, etc.), which is their main use, but are also vital in the stabilization of emulsions
(e.g., in foods and cosmetics), as mold release agents in the plastics industry, in flotation, in
oil well drilling, and in a host of other applications.

RMFBEEADRBHCHBERT (ERBREKR) MEHAYIREE, XHARBLE
HEEMA, FNENIABORE (Wih., dd). 288 THPRK. 4%
¥ IlkhEE. RpahPRFEREFOETNE. RGEEEHH Surfactants are
not only...... but are also ...... o which is their main use &5 & M, &5 cleaning agents,
B FERAIER . but are also vital FHH £ N EEEHIRE.

4. For many years investigators were seldom concerned with or aware of the distinction
between a colloidal particle composed of numerous molecules of ordinary size held together
by intermolecular " secondary valence” forces of one sort or another and a polymer
molecule made up of atoms held together exclusively by covalent bonds.

RERPREK, FHEME; HTHREHA., KD investigators £ iE, were £
iBi%, HH or EE#E concerned with 1 aware of L R EMTEHM BT REE. RiBEPH
distinction 21 with Al of 15X, between... 45 distinction K/ E1EE &,
B AT 138 between EXEHIHE T, #5 and R, BTLLEE between /5T, and §if i A
% and REE#5, RS and EEK)Ai7 between KIFHPKIE. KONGRS
REEARK, BRENGECETEENARADE.

233 RETURA¥DES

BEBHP, #HANZEEY. dBEARE, FUGFHdPLNRRENE
¥), MARBRECNIMA, BfGFEELEEENR. RELERNBKE John
Swales 4, BHEREPHRIFEED =S —RENEER. XRAIBHCEMNE
MERE, BAEUER. B— F-AKRFEHLE, SERERBHRNEDNR. Eit,
REFHE=ZAHFRRE, XARHES, ZHRSZERRRERLRRHBPRYH
. fim:

1. The crucible is charged with about 175% of clean sodium from which the oxide
coating has been removed, the air is completely displaced by passing ammeonia for 10
minutes, and the pot is heated strongly so as to melt the sodium rapidly.

ERHTFHEANSHIAENES, ZERRIGEDIH 8 LEH.

2. In this system, the microfiber-seeding template can easy be removed from product
because of the high hydrophilicity of polyacrylamide (PAM). The microfibrous morphology
of the PANI is confirmed by SEM image.

3. IR and ESR spectra of the irradiated fibre mats indicate a conceivable photochromic
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mechanism, i.e. MoV1 is reduced under ultraviolet irradiation. Meanwhile, PVA is oxidized
to unsaturated ketone or aldehyde.

234 HRERES
ERBRED, BREFTRALREG 4 EUEE, BEMESEENARE
. FTER—EEHF, BEARRES—LEFENFLHRORE, Pn.

1. If these were not removed the petroleum products would have a foul smell and on
combustion would produce the very corrosive gas, sulfur dioxide (S0O;).
MR ZXEYEEE, Bl RRSHEEASE, ERENNRRSE
— PRt R S AR SOz BB — P RR SREF LHRFEBIESH (B
EiER) AT
2. If this liquid were heated to a high enough temperature to boil it under normal
atmospheric pressure many of the hydrocarbons in it would decompose.

MEXHABEFETNAMRBORE, HHHFLRALIE. ZHUHE

EREFLHRMEUESH.
3. but once on the substrate it would provide very little protection were it not for the
plastic tape over it.

H—HENERERRG, WRAZFRAEHEFNGE, EREREMEIHER
B. XMEFhRENEHA. were it not for the plastic tape over it #124F if it were not
for the plastic tape over it.

23.5 ZiR GBI HNA

WEENEPAZNE. BEFREEHME, £RETRAGNE. BEAELX
KB R B ERRER. KREAEALEHBEFBEEM AL —, ERRES
MXEFR, BHEHA-A “BASMHEB A b rof+ B H+BWE" B2 RRARE—
MIFHER. BERE, EHEREPRIARENARTECHEREPEHEER
&, XMBERAKRAEALSEH, COREEEER) CURE, #REER) Eidid
B EEmEN, KBTS AESARRIRIGENEAZ —, BAREIEER K
BERITXEE. REZER. ABHY). FEREX, BAFENEL, WEX—-TH,
#itm:

1. Archimeds first discovered the principle of displacement of water by solid bodies.

P HE K A B 5 A PR E A HEK R FE . AJ of displacement of water by solid bodies
R—ANEEESH, —H BB T FAEM f)(that water was displaced by solid
bodies), H— A% AT displacement iX—HF %,

2. They are either applied as a precoat to the filter cloth or added to the slurry, and
deposited with the solids, assisting in the formation of a porous cake.

Bhub ks B iR Pl £, sSERMBER D, 5EE—RITR, ABHTERE
FILIED .

3. The separation of the components of a liquid mixture by treatment with a solvent
in which one or more of the desired components is preferentially soluble is known as
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liquid-liquid extraction.

B —MAT SRS Y P R AR AR BB R EREDF
B HAT BRI HTH, BRAMBA A . The separation of the components of a liquid
mixture B} & Z AR E, EREMEMHEXR, NiFHET “BEREYT &4
AT B” by treatment with a solvent in which... X481 by 518 treatment with a
solvent ZE LG IR MRS RGN, Bh B WBEFRATLR”

4. On a large scale continuous hydrolysis of fats to fatty acids by steam becomes
attractive and the acids are neutralized subsequently with sodium hydroxide.

KA R K RIS FE R KR L TN 8, 2 /5 75 NaOH S RIRL A RS,
T EERBERT) . &AL continuous hydrolysis of fats to fatty acids by
steam 2 &AM EE.

236 REMTHALEERS

MEEMAT i, SBURE MRS, SEAHHNAREEBMEFHR
7 WAERTEREBK. ATRATRETE, RNEDTFIEXENRHERS,
HEEREMG TR, REFEXZERELEALNRSEE. AERSER
PP thEBS, wlz—RitERAXE REAY, WIRLKF EERETES
R ERRXEP, dTFHESHENATRRERLTE, FUEREES
HEHRER AR BIE T EPEAEREESRBAGEA NI ANEREE R,
BEANERE T T4n MEEEGTRE—HTR. #la:

1. The separation operation called distillation utilizes vapor and liquid phases at
essentially the same temperature and pressure for the coexisting zones.

AEMXHSHEERFRAERGTX AREMNEHERHF RSB F A LEMT
BATH. called Zif 241§ & 1B operation.

2. Crystallization equipment can be classified by the method used to obtain
supersaturation of the liquor, and also by the method used to suspend the growing crystals.

SR AT LURIER B ERERN TR RBITHE, BaKBRFEERK
RIdR Tk 239, used to obtain ...liquor A1 used to... suspend crystals ¥ %31 3 431
#EE 1 method.

3. The difficulty in developing a videophone stems from having to stuff huge amounts
of information through a thin copper-wire phone line; compare this task with pouring water
from a gallon jug into a straw.

FEARHENEE T EETHCAENGERET A MW FEHITEER, R
FHEH—MOKNETEBR—REFAL. FZADP, indeveloping a videophone
RAEEEEE, KB difficulty.

4, Important in the space program are coatings that either absorb or reflect radiation
and that sacrifice themselves in the process of dissipating the intense heat generated on
vehicle reentry into the atmosphere

FHAFRILPHRFEREEYL, EMNERYEREHE, EHREZEE R
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KRN, et B RjAmE . WAt EaLE%kan, AXER
Fi&, IEHERFA: coatings that cither ... and that... are important in the space program.
B4 that 5] IR HEM coatings I1FEFIHIE 7B M 1. in the process of dissipating the
intense heat generated on vehicle reentry into the atmosphere & /8815 UG — AN BN
AIRRTE. generated T X517, Y heat BI5EiE.
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F=ZF UFHERELENHESEERMITHMAR

3.1 8|3

FE T ESAERRS RN, TERLBETABIMEESEERERN TR —
REHRXFRESHEN, LR TAEESMIIATEN KB EHSES
BiE. fRfldic BRIk ERELR b & nt, a0 30 HRaR al S0ik 5 2 ok 2 by
X ESHETHAEMAE S KOXEK, X TRInEsERk. —BaRE
MXERAAESEIAHEGEIMEOAINAFREE.

ERERAE, HENAER XENER, MAMEe i a@s, AAEREH.
Wl. LA 400 FLIRAE. AiERERERTCIERE. #5lE 200 F2 . SACHE
et 250 4%,

3.2 AESR
3.2.1 What is an abstract
An abstract is a brief, accurate, and comprehensive summary of the contents of the article

without added interpretation or criticism. The definition given by CAMBRIDGE
INTERNATIONAL DICTIONARY OF ENGLSIH is:.an abstract is “a shortened form of a
speech, article, book, etc. , giving only the most important facts or arguments.”™ It
allows readers to survey the contents of the article which follows quickly. In preparing the
abstract, it is important to keep the sentences short and simple by covering with just one
topic each and excluding imrelevant information. Nevertheless, an abstract should be
informative by presenting the quantitative and/or qualitative information contained in the
document.
3.2.2 An effective abstract (%

* Captures the attention of the reader

* Previews the content and what the reader can learn

¢ Describes the contribution of the topic to the field.

* Enables readers to quickly and accurately identify the substance of your work and to

decide its relevance to their own interests.

* Advertises your work!
3.2.3 Requirements of abstracts and their problems!*”*4
3.2.3.1 structure
a) Background: Briefly set up the background and context to the study, its rationale and

significance, (1-2 sentences)
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b) Problem: Here you need to identify the particular research problem under investigation,
the purpose of the study, and any specific research objectives or hypotheses. (1-2
sentences)

¢) Methods: Outline the approach you took and the methods you used to investigate the
problem. Describe the extent of the study, what you did or measured, and how you did
it. (1-2 sentences)

d) Results: Give any important data. Be specific, not vague. Quantify if possible; avoid
terms such as "most" or "some” if you have the specific numbers. State the major
interpretations and findings, how the findings relate to the original research problem,
and any limitations on the results. (2-3 sentences)

¢) Implications: Finish by stating the contribution of the work and its implications. There
may be implications for associated problems, or for previous studies, e.g.,
reinterpretation of a previous model may be necessary in the light of your findings. Do
your results have general or specific application or relevance? (1-2 sentences)

f) Key words: Ensure the abstract contains all your key words (for databases).

3.2.3.2 Length

100 - 250 words, depending on the situation.
3.2.3.3 Tenses
In a abstract in English we usvally use three tenses: past, present, future. For the

experimental part we often choose past tense as the experiments were done in the past, e.g.:
“the temperature was measured for...”; for the discussion part we prefer the present tense,
¢.g.: “temperature measurements are shown in Figure 1”  but this is Passive Voice and with
more words compared with the next sentence, which I think is much better: “Figure 1 shows
temperature decreases when......” when it comes to conclusion, two tenses may be used: the
present tense or future tenses, For example, “Future studies will investigate how ionic
strength affects crystal growth.”

3.2.3.4 Common problems
a} Too long. If your abstract is too long, it may be rejected - abstracts are entered on

databases. Abstracts arc often too long because people forget to count their words
(remember that you can use your word processing program to do this).

b) Too much detail. Abstracts that are too long often have unnecessary details. The
abstract is not the place for detailed explanations of methodology or for details
about the context of your research problem because you simply do not have the
space to present anything but the main points of your research.

¢) Too short. Shorter is not necessarily better. If your word limit is 200 but you only
write 95 words, you probably have not written in sufficient detail. You shouild
review your abstract and see where you could usefuily give more explanation -
remember that in many cases readers decide whether to read the rest of your
research from looking at the abstract. Many writers do not give sufficient
information about their findings

d) Failure to include important information. You need to be careful to cover the points

listed above. Often people do not cover all of them because they spend too long
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explaining, for example, the methodology and then do not have enough space to
present their conclusion.
3.2.4 Abstract tips®**
a) Avoid long-winded, complex sentences.
b) Be concise!

c) Avoid repeating information given in the title.

d) Be exact and unambiguous.

e) Avoid personal pronouns: such as “I”, “me”, “my”, “mine”, “we”, “us”, “our”,
“ours”, “they”, “them”, “their”, “theirs” — DO NOT USE! For example, we use
“These results demonstrate that.,,” instead of “Our results demonstrate that.__.”"; we
use “A new process was developed for...” in place of “We developed a new process
for...” Do not include tables, diagrams, equations, or structural formulae in the
abstract.

3.2.5 Sample abstracts
3.2.5.1 Preparation of SBS Graft Adhesive Modified by CPVCP”

Abstract: Styrene — butadiene — styrene (SBS) grafted with acrylic exhibits better
adhesion to PVC artificial leather. In order to futher improve the performance, high chloride
content polymer (HCCP) is introduced into the system. HCCP is referred to chlorinated
polyvinyl chloride (CPVC). The optimum graft copolymerization conditions are as follows:
mixed solvents of toluene and butanone with ratio of 10:3 (wt), the feeding ratio of
backbone polymers (SBS + CPVC): solvent : methyl methacrylate (MMA): benzoyl
peroxide (BPO) are 100:400:70:2, and reaction temperature is 901+ 1°C. The ternary graft
copolymerization of SBS, CPVC and MMA is investigated. And the product is characterized
by IR. The results show that CPVC and SBS must be dissolved with a two - step process,
SBS must be dissolved afier the dissolution of CPVC. Large amount of CPVC should be
avoided, or bondline is easily separated from the substrate during pecling strength test.
Furthermore, the adhesive stability is poor. When the content of CPVC is between 20% and
30% (based on the total weight of SBS and HCCP), the adhesive has not only good
stability and excellent water resistance properties but also high adhesion to PVC material.

Key words: Styrene ~ butadiene - styrene blocks copolymer; chlorinated polyvinyl chloride;
methyl methacrylate; graft copolymerization
Why is this abstract POOR?
* Needless description of concrete processing conditions (should be in the body of the
paper, not the abstract).
* Not concise! Needless explanation: “The results show that CPVC and SBS must be
dissolved with a two - step process, SBS must be dissolved after the dissolution of

CPVC.” It would be much better if this sentence is like this: “The results show that
20



SBS must be dissolved after the dissolution of CPVC.”

* Wrong tense —“In order to futher improve the performance, high chloride content
polymer (HCCP) is introduced into the system.” In this sentence the present tense is
not used properly, instead, the past tense should be used as it is a part of the
experiment.

3.2.5.2 Production Situation and Development Analysis of Dimethyl Carbonate™”

Abstract: The main production techniques of dimethyl carbonate at home and abroad are
introduced, its market situations are also analyzed. At present, the production capacity of
dimethyl carbonate abroad is about 170 thousand~200 thousand tons per year, its producers
mainly are located in America, Western Europe and Japan. However, the domestic total
production capacity is above 100 thousand tons per year. The consumption situations and
development trends of dimethyl carbonate in the field of polycarbonate, pesticide and paint
are introduced respectively. The prospect of dimethyl carbonate production in China is
viewed.
Key words: dimethyl carbonate; phosgene; polycarbonate; methyl tert-butyl ether

Why is this abstract POOR?

* not concise in the use of some figures: (1) 170 thousand~200 thousand tons per
year; (2) above 100 thousand tons per year. We could use 170,000~200,000 instead
of 170 thousand~200 thousand as it is not a very big number, which we cheose to
use million or billion.

¢ Failure to include important information. “The consumption situations and
development trends of dimethyl carbonate in the field of polycarbonate, pesticide
and paint are introduced respectively. The prospect of dimethy! carbonate production
in China is viewed.” The result is not given by the authors though the sentence is
long cnough to include the main result.

* The words in this abstract were not well chosen: “at present” should be replaced
with “presently”, which will make the sentence more concise. And “viewed” in the
last sentence should be “given”, as “prospect” here just means “possibility”, which,
of course cannot be viewed and sometimes “prospect” can also have the meaning of
“view” as a countable noun!™),

3.2.53 SYNTHESIS OF DIETHYLENE GLYCOL BUTYL METHYL ETHER™!
Abstract: Under the conditions of n(NaOH):n(CsH;203) =1.5 : 1, benzene as water
carrying agent and in the presence of Ny, sodium of diethylene glycol mono—methyl ether
was prepared with diethylene glycol mono-methyl ether (CsH;20s) and sodium hydroxide as
starting materials. Diethylene glycol butylmethyl ether (DGBME) was synthesized through
the  Williamson  reaction  between  butyl bromide (n-C4HyBr) and
CH;3;0CH,CH;O0CH;CH;ONa. The influence of the reaction temperature, reaction time and
mass ratios of n-C4HqBr to dicthylene glycol mono-methy! ether on the yield of DGBME
were studied. The content of the product was analyzed by GC and the structure of the
product was characterized by FT-IR and 1H NMR. The optimal conditions for the synthesis
of DGBME were found as follows: reaction temperature 80°C, reaction time 4.0 h and
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n(n—C4HoBr)/n(CsH;205) =1.06:1. Under the optimal conditions, the yield of DGBME was
92.14% and the content of DGBME in the product was above 99.5%.
Key words: diethylene glycol mono-methyl ether; Williamson reaction; diethylene glycol
butylmethyl ether; sodium of dicthylene glycol mono-methyl ether

Why is this abstract POOR?

* Molecular or structural formulae not necessarily added after the [UPAC name:
diethylene glycol mono-methyl ether (CsH;205).

* Needless explanation about the chemical reaction between (n-C,HoBr) and
CH;0CH,CH,0OCH,CH;ONa, which is definitely called Williamson reaction, as is
very familiar to scientific researchers. The sentence may be shortened like this:
Diethylene glycol butylmethyl ether (DGBME) was synthesized through reaction
betweenn-CsHoBr and CH;0CH,CH,OCH,CH,ONa.

* Repeating information already given: Under the conditions of n(NaOH):n(CsH;,03)
=1.5 : 1, benzene as water carrying agent and in the presence of Ny, sodium of
dicthylene glycol mono-methyl ether was prepared with diethylene glycol
mono-methyl ether (CsHy20s) and sodium hydroxide as starting materials, There is
no need to use the phrase “with diethylene glycol mono-methyl ether (CsH;20;) and
sodium hydroxide as starting materials”, as is mentioned in the previous part of the
sentence, which is clear enough for being understood, or at least “and sodium
hydroxide as starting materials” is not needed.

¢ Unnecessary words: The optimal conditions for the synthesis of DGBME were
found as follows: reaction temperature 80 'C, reaction time 4.0 h and
n{n-C4HoBr)/n(CsH203) =1.06:1. Under the optimal conditions, the yield of
DGBME was 92.14% and the content of DGBME in the product was above 99.5%.
In this sentence “Under the optimal conditions,” repeats itself with part of the
immediate previous sentence, so the word “optimal” is unnecessary. And “were as
follows” could also be “were”, which is a shorter and clearer sentence.

3.2.5.4 Photochromic polyoxotungstoeropate K;[E.PsW3Onel/ polyvinylpyrrolidone
ranocomposite films *?

A novel pbotochromic nanocomposite film containing Polyoxotungstoeuropate
K12[E,PsW30110} entrapped in polyvinylpyrrolidone has been prepared through a spin-on
coating technique. Thus-obtained amorphous nanocomposite film was characterized by IR
spectra, UV-vis absorption spectra, ERD, SEM, TG-DTA, and ESR. Results show that
polyoxotungstoeuropate interacts with polyvinylpyrrolidone strongly and disperses
homogeneously in the matrix. The composite film exhibits good photochromic properties.
When imradiated with UV light, the transparent film changes from colorless to blue. Then,
bleaching occurs when the film is in contact with ambient air or O; in the dark. The
photochromism of the composite film is due to charge transfer by reduction of
polyoxotungstocuropate and oxidation of polyvinylpyrrolidone.

Small problems of this abstract
*  “Ky2[EuPsW33010]” should not be mentioned again in the abstract just following
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“Polyoxotungstoeuropate”, as it is included in the title.

Wrong tenses —“has been prepared through a spin-on coating technique.” The Past
tense is much better than the present perfect tense for this sentence. And “a” is an
unnecessary word here. Maybe it should be “the” instead of “a”, which sounds like
there are many kinds of spin-on coating technique.

Misused Phrases. When the film is in contact with ambient air or O, in the dark. If
this sentence is changed to “when the film is exposed to open air or ...” will be
much better. Because “be in contact with ...” is not appropriate.
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4.1 Orinial version of a selected paper®!
Ordered Whiskerlike Polyaniline Grown on the Surface of Mesoporous Carbon and Its
Electrochemical Capacitance Performance
By Yong-Gang Wang, Hui-Qiao Li, and Yong-Yao Xia* Prof. Y.-Y. Xia, Y.-G. Wang, H.-Q. Li
Chemistry Department and Shanghai Key Laboratory of Molecular Catalysis and
Innovative Materials Fudan University Shanghai 200433 (P.R. China)

Over the past years numerous research groups in both academia and industry around the
world have consciously increased efforts to design and develop advanced materials with
dimensions ranging from a few to several hundred nanometers. Their motive is that the
physical and chemical properties of the nanoscopic substances" can differ considerably from
the properties exhibited by the same materials in the bulk.!") ? Recently, nanostructured
electrode materials have attracted great interest, as they show better rates and capabilities
than traditional materials. With nanostructured electrode materials, the distance within the
material’ over which the electrolyte must transport ions is dramatically smaller than with
conventional electrodes composed of chemically similar bulk materials. > Hence’,
advanced materials with nanostructare have been studied widely as the electrode materials
of energy-storage devices (for example’ batteries and, especially, supercapacitors).’®

Electrochemical capacitors combining the advantages of the high power of dielectric
capacitors and the high specific energy of rechargeable batteries have played an increasingly
important role in power source applications such as hybrid electric vehicles and short-term
power sources for mobile electronic devices.[®! Nowadays, much research on
electrochemical capacitors is aimed at increasing power and energy density as well as
lowering fabrication costs® while using environmentally friendly materials. Some transition
metal oxides, such as RuQ; and IrO;, exhibit prominent properties as pseudocapacitive
clectrode materials. The highest value for specific capacitance reported for amorphous
" bydrated RuOs is 840 F g'l.m] However, despite the remarkable performance of this
material, its high cost excludes it from wide application. Although some low-cost metal
oxides (such as MnO, or NiO) and conductive polymers also exhibit electrochemical
capacitance behavior to some extent, their capacitance performances are much poorer than
that of RuO;. Among these materials, polyaniline (PANI) has been considered as’ one of the
meost promising materials for electrode materials in redox supercapacitors because of its low
cost, ease of synthesis, and relatively high conductivity. However, its capacitance value is
much less than that of RuO,.



It is well known that, in pseudocapacitive electrode materials, the pseudocapacitance is
mainly produced by the fast faradaic reaction occurring near a solid electrode surface at an
appropriate potcntial,lwl Therefore nanostructured materials can provide a relatively short
diffusion path to improve the utilization of supercapacitor electrodes at high power density.
Over the years, different morphologies of PANI have been obtained by changing the
synthesis method. Nanotubes or nanofibers of PANI have been synthesized by using a
porous membrane template."! By using the template-directed synthesis method, a unique
and ordered structure can be built up directly, but post-processing is required in order to
remove the template. In recent years, template-free methods have been studied widely to
synthesize PANI with unique structures. Spherical PANI particles, for instance, have been
obtained by dispersion polymerization in the presence of polymeric stabilizers.I'd
Nanotubes or nanofibers of PANI have been prepared by the selfgrowth process.m’“]
Hollow microspheres of PANI have been synthesized by the emulsion method,!"! and
nanowires of PANI have been prepared by interfacial polymerization.’® However, the
typical sizes of PANI reported in these template-free studies are all within the range 50-300
om. On the other hand, as for template-free methods®, controlling the ordered shape of
PANI is also difficult.""!! Very recently, random connected nanowires of PANI with typical
size 30-60 nm’ were synthesized by electrochemical deposition, and a specific capacitance
of 742 F g™ was obtained for this nanowire network of PANIL!” However, in order to
further increase the electrochemical capacitance performance of PANI, a smaller
nanometer-sized and well-ordered mesoporous structure must be considered. A much
smaller size can greatly reduce the diffusion path, which can ensure the high utilization of
clectrode materials. On the other hand, well-ordered PANI could display higher
electrochemical performance than conventional randomly connected PANL'® Moreover,
well-ordered mesoporous material can facilitate ionic motion compared with conventional
mesoporous material, in which the pores are randomly connected.!"”! However, up to now
no template-free methods have been found to fabricate well-ordered mesoporous PANI
electrodes with typical nanometer-size (less than 50 nm). Therefore, the preparation of
capacitor electrode materials with an ordered porous structure and nanometer-size would
appear to be of great interest™.

In this communication we report the growth of ordered whiskerlike polyaniline on the
surface of mesoporous carbon by a novel synthesis process. The nanometer-sized PANI
thorns and thus formed “V-type” nanopores yield a high electrochemical capacitance
petformance. Why such a structured eclectrode material shows the best capacitance
performance can be summarized as follows (Fig. 1): First, the nanopores provide numerous
“V-type” channels inside the active material, which facilitates the fast penetration of the
clectrolyte.

In other words, these channels ensure that enough ions contact the surface of the active
material in a short time'. Second, the diffusion length L of ions within the electrode during
the charge-discharge process can be estimated as (Dr)'2, where D and ¢ are the diffusion

coefficient and time, respectively. The value of ¢ decreases rapidly at high charge-discharge
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current density. Therefore the nanometer-size, reducing the diffusion length (L), will ensure
the high utilization of clectrode materials. Third, the high conductivity of active material
and support greatly reduces the energy loss Eloss and power loss Ploss due to IR loss
(where I and R are charge—discharge current and resistance, respectively) at high
charge—discharge current density. The specific capacitance of the PANI/mesoporous carbon
composite is as high as 900 F g™ at a charge—discharge current density of 0.5 Ag™ (or 1221
F g™ for PANI based on the pure PANI in the composite). This value is even higher than
that of amorphous hydrated RuO- (840 F g™). To the best of our knowledge™, this value is
also the highest reported for PANI (very recently a specific capacitance of 724 F g™ was
reported for PANI nanowires‘m). Furthermore, the capacitance retention of this composite
is higher than 85% when the charge-discharge current density increases from 0.5 Ag™ to 5
Ag™, indicating its high power performance.

I
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J
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Our strategy can be briefly described as in Figure 2. The detailed preparation process can be
found in the Experimental section. The preparation process mainly involves™ 1) immersing
mesoporous carbon in 20% ethanol solution (containing aniline and H,SO,) while stirting
under vacuum for 1 h; 2) adding an equal volume of 20% ethanol solution (which does not
contain aniline or H;S0,) fo the above mentioned solution quickly with intensive stirring'®;
3) then adding ammonium persulfate drop by drop to the solution mentioned in step 2 while
stirring at 0 °C. The first step of the preparation process can introduce guest precursor (20%
ethanol solution containing some aniline and H,SOy4) to mesoporous carbon (Fig. 2, after
process a). During the second step of the preparation process, after an equal volume of 20%
cthanol solution has been added to the solution mentioned in first step quickly with
intensive stirring, the concentration of aniline or H,SOy4 outside of the mesopores” is
reduced quickly, However, the concentration decrease of solution inside the mesopores is
2%



not as quick as outside'®, The reason is that the narrow and long mesopores (the average
diameter of these channels is 34 nm and their length is about 1 ym) limit the diffusion
process. Furthermore, intensive stirring does not affect the solution inside these mesopores.
Accordingly, a concentration gradient is produced between the solution inside the
mesopores and the solution outside of the mesopores™ (Fig. 2, after process b). When
ammonium persulfate is added to this solution, PANI precipitates will first be formed close
to the external surfaces of mesoporous carbon, where the concentration of aniline or H,SO4
is higher (Fig. 2, after process ¢). These initial precipitates provide nucleation centers that
result in the extending growth of PANI (Fig. 2, after process d).
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Figure 2. Scheme showing the preparation of whiskerlike PANI on the surface of
mesoporous carbon.

The morphologies and microstructures of the support (mesoporous carbon) and the
PANJ/mesoporous carbon composite have been examined by scanning electron microscopy
(SEM) and transmission electron microscopy (TEM). Figure 3 shows typical SEM and TEM
images of prepared mesoporous carbon and PANI/mesoporous carbon composite, SEM
observation indicates that the prepared mesoporous carbon is made of agglomerated small
grains typically 0.5-1 gm in size (Fig. 3A). The TEM images of the mesoporous carbon
shown in Figure 3B and C feature highly ordered carbon nanowires viewed from the {001)
and [100} directions; these wires are in the same perfect hexagonally mesostructured arrays
as the channels of their mother mold SBA-15. Comparing Figure 3A and D indicates that a
salient morphology change takes place on the external surface of mesoporous carbon, which
is due to the freshly deposited PANI on its surface. As shown in Figure 3E and F, TEM
images of PANI/mesoporous carbon composite reveal that a great many PANI thorns cover
the external surface of the mesoporous carbon, forming a whiskerlike phase. A
higher-magnification TEM image (see Fig. 3F) further illustrates that the whiskerlike
structure is composed of a significant number of PANI thorns extending from the exterior of
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the mesoporous carbon into the interparticle open space, forming a loosely packed
microstructure,

Figure 3. SEM and TEM images of mesoporous carbon and PANI/mesoporous carbon
composite. a) SEM image of mesoporous carbon, b,c) TEM images of mesoporous carbon
seen from the [001)] and [100] directions. d) SEM image of PANI/mesoporous carbon. e,f)
TEM images of PANI/mesoporous carbon at different magnifications.

The PANI thorns are about 10-20 nm in diameter and 80-100 nm in length. The specific
surface areas of mesoporous carbon and PANVmesoporous carbon are 1300 m® g™! and 35
m2 g, respectively. The decrease of specific surface area is mainly attributed to the
mesopores of the support (mesoporous carbon) being filled by PANI whiskers. (The pore
distributions of mesoporous carbon and PANI/mesoporous carbon composite are compared
in the Supporting Information.)

IR spectra of mesoporous carbon and PANY/mesoporous carbon composite are shown in
Figure 4. Characteristic peaks at 3500 cm™ and 1096 cm™ are observed in the IR spectrum
of mesoporous carbon (Fig. 4, spectrum a). These peaks can be ascribed to ~OH (3500 cm™)
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and C-C-O (1096 cm™), respectively. As shown in Figure 4, spectrum b, the characteristic
peaks at 1559 cm™ and 1488 cm™ correspond to the quinoid ring and the benzene ring,
respectively. The bands in the range 1200-1400 cm™ are the C-N stretching band of an
aromatic amine. The characteristic band of polyaniline base’” isthe N_Q_N stretching band
at 1133 cm™, The bands at 1027 cm™ can be ascribed to —SOs. This result indicates that
polyaniline was prepared in our experiment.

In order to evaluate the electrochemical characteristics of this kind of composite material,
cyclic voltammetry (CV) tests and charge tests were employed to characterize the
electrochemical capacitance performance of PANI/mesoporous carbon composite. Its
electrochemical capacitance performance is summarized in Figure 5. The shape of the CV
curves (within the potential window from —{.2 to (.85 V vs. a saturated calomel electrode
(SCE) at scan rates of 10, 20, and 50 mVs™) shown in Figure 5A indicates that the
capacitance characteristic of the PANI phase is distinct from that of the electric doublelayer
capacitance, which would produce a CV curve close to the ideal rectangular shape. The two
couples of redox peaks (Ci/A; and Cy/A;) observed in Figure 5A result in the redox
capacitance. With increasing scan rate, the redox current increases clearly’®, indicating its
good rate ability. The peak currents at C; are 0.024 A (at scan rate 10 mVs™),
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Figure 4. IR spectra of a) mesoporous carbon and b) PANI/mesoporous
carbon composite.

0.041 A (at scan rate 20 mVs™), and 0.085 A (at scan rate 50 mVs™). It should also be
noted that with an increase of scan rate, a positive shift of oxidation peaks (C; and C;) and a
negative shift of reduction peaks (A; and A;) are observed, which is mainly due to the
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resistance of the electrode. (The impedance test is given in the Supporting Information.)
Peaks C/A, are attributed to the redox transition of PANI between a semiconducting state
(leucoemeraldine form) and a conducting state (polaronic emeraldine form). Peaks Cy/A;
are due to the emeraldine—pernigraniline transformation. ™ Figure 5B shows the
charge—discharge curves of the PANI/mesoporous composite at different current densities
(current/(the mass of carbon/PANI composite within the electrode)) within a potential
window (0.2 to 0.7 V vs. SCE). Their specific capacitance can be calculated according to
Equation 1,124
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Figure 5, The electrochemical capactance performance of PANI/mesoporous carbon. A} Cydic voltammelry within the potential window -0.2 1o
Q.85 V vs. SCE af different scan rates. B} Charge-discharge tests within the potential window 0.2 10 0.7V vs. SCE. ) Specific capacitance versus
charge-discharge current density (a: discharge capacitance, b charge capacitance). D} Chasge-discharge cycle at 2 cunrent density of 5 Ag™ within
the potential window -0.2 10 0.7V vs. SCE {a: discharge capacitance, b: coulombs efficiency).
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where C, is specific capacitance [F g™, I is charge—discharge current; DV is 0.9 V, and m
is the mass of active material within the clectrode. The discharge capacitance of the
PANI/mesoporous carbon composite at a current density of 0.5 Ag™ is 900 F g™. It should
be noted that the supporting mesoporous carbon itself has a certain double-layer capacitance
(150 F g™). After the capacitance provided by the mesoporous carbon itsclf has been
deducted (the weight percentage of mesoporous carbon within this composite is 30 wt %),
the specific capacitance of whiskerlike PANI phase within this composite is as high as 1221
F g™\. To the best of our knowledge, this value is the highest reported for PANL This result
demonstrates that the ordered whiskerlike structure can increase the utilization of PANI
greatly. This is because this loosely packed whiskerlike structure can enable the
electrochemical accessibility of electrolyte through the PANI phase, which is fundamental
for materials showing the character of supercapacitors”. Furthermore, the nanometer-size
reduces the distance within the PANI phase over which the electrolyte must transport ions.
The specific capacitances of the PANI/mesoporous carbon composite as a function of
different current densities are shown in Figure 5C. As shown in Figure 5C, curve a, the
discharge capacitance of the composite decreases with increasing charge—discharge current
densities. The discharge capacitance of the composite is 900 F g™ at a discharge current of
0.5 Ag™. This value reduced to 768 F g™ at a discharge current density of 5 Ag™ %. The
capacitance retention is about 85 %, with growth of current densities from 0.5 Ag™ to0 5
Ag™. This result suggests that this kind of composite material has good rate capability,
which is very important for the electrode materials of a supercapacitor to provide high
power density. Similarly, with increasing current density”, the charge capacitance of the
composite reduces from 940 F g7'(0.5 Ag™) to 770 F g™ (5 Ag™). The electrochemical
stability of the composite materials was examined in 1M H;SO; aqueous electrolyte by
charge—discharge cycling at a current density of 5 Ag™. As shown in Figure 5D, dark data
points, the discharge capacitance loss after 3000 consecutive cycles was negligible, at about
5%. This result indicates that materials of this kind have long-term electrochemical stability.
Furthermore, during the cycling process, the coulombic efficiency (charge
capacitance/discharge capacitance) remains at 100% (Fig. 5D, light data points).

In summary, the ordered whiskerlike growth of PANI on the surface of mesoporous carbon
was subtly realized through the unique nanostructure of the support (mesoporous carbon)
and an appropriate synthesis process. Loosely packed nanometer-scale PANI whiskers
create electrochemical accessibility for electrolyte ions and reduce the distance within the
PANI bulk that ions must be transported during the charging or discharging process™,
which is fundamental® for clectrode materials of supercapacitors showing high specific
capacitance and high-rate chargedischarge ability”*. Furthermore, carbon materials have
been widely used as a support for electrochemical catalyzers, battery electrode materials,
and supercapacitor elecirode materials. For this reason, it can be assumed that this method
can be applied in ofher fields.
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Experimental

Preparation of Mesoporous Carbon: The mesoporous carbon was similar to the CMK-3
reported by Jun 12, and platelike SBA-15 (reported by Yu ™! was used as the template.
The process can be described as follows: SBA-15 (1 g) was added to a solution obtained by
dissolving sucrose (1.25 g) and H;SO4 (0.14 g) in H,Q (5 g). After being stirred under a
vacuum of 0.1 MPa for 20 min, the mixture was placed in a drying oven for 6 h at 100 °C
and another 6 h at 160 °C. The carbonization was completed by pyrolysis at 900 °C under
N; flow. Finally the carbon/silica composite obtained after pyrolysis was washed with 5
wt% hydrofluoric acid at room temperature to remove the silica template.

Preparation of the PANI/Mesoporous Carbon Composite: 1) Mesoporous carbon (1 g) was
immersed in ethanol solution (200 ml, 20 %, containing 2.8 g aniline (Aldrich) and 20 g
H,S04) while being stirred under vacuum for 1 h. 2) Ethanol solution (200 mi, 20%) was
added to the above mentioned solution quickly with intensive stirring®. 3) Ammonium
persulfate solution (the mass ratio of aniline/ammonium persulfate is 1:2.3) was added drop
by drop to the solution mentioned in step 2 which was stirred at 0 °C for 5 h. The
black—green product of the reaction was filtered and washed repeatedly with distilled water
and alcohol. The resulting polymer was dried under vacuum at 50 °C for 24 h. The 70 wt%
of mass load of PANI in the composites was evaluated by calculating the weight difference
of mesoporous carbon. The as-prepared samples were characterized by SEM (Philip X1.30),
TEM (Jeol JEM-2010), and IR spectra (Nicolet FT-IR 360 spectrometer).

Preparation of the PANI/Mesoporous Carbon Composite Electrode: The mixture containing
85 wit%PANI/mesoporous carbon composite, 10 wt% acetylene black, and § wt%
polytetrafluoroethylene (PTFE) was well mixed, and then pressed onto a stainless—steel grid
(1.2 x 107 Pa) that served as a current collector (area was 0.5 cm®). The mass load of the
prepared electrode was 5 mg cm™. The electrochemical performances of the prepared
electrodes were characterized by cyclic voltammetry (CV) and charge—discharge tests. The
used electrolyte was 1M H;SO, solution. The experiments were carried out using a
three-electrode cell, in which platinum and the saturated calomel electrode (SCE, 0.242 V
vs. the normal hydrogen electrode (NHE)) are used as counter and reference electrodes. The
experiments were performed using a Solartron Instrument Model 1287 electrochemical
interface controlled by a computer.
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Over the past years numerous research groups in both academia and industry around the
world have consciously increased efforts to design and develop advanced materials with
dimensions ranging from a few nanometers to several hundred nanometers. Their motive is
that the physical and chemical properties of nanoscopic substances’ can differ considerably
from the properties exhibited by the same substances when represented in bulk!" Recently,
nanostructured electrode materials have attracted great interest, as they show better rates and
capabilities than traditional materials. With nanostructured electrode materials, the distance
of material over which the clectrolyte must transport ions is dramatically smaller than with
conventional electrodes composed of chemically similar bulk materials.”™ Therefore®,
advanced materials with nanostructure have been studied widely as electrode materials for
encrgy-storage devices (i.e.’ batteries and, especially, super-capacitors). 16

Electrochemical capacitors combining the advantages of the high power of dielectric
capacitors and the high specific energy of rechargeable batteries have played an increasingly
important role in power source applications such as hybrid electric vehicles and short-term
power sources for mobile electronic devices.[®! Nowadays, a lot of electrochemical
capacitor research is aimed at increasing power and energy density as well as lowering
fabrication costs® while using environmentally friendly materials. Some transition metal
oxides, such as RuQ; and Ir0O,, exhibit prominent properties as pseudocapacitive electrode
materials. The highest value for specific capacitance reported for amorphous hydrated RuQ2
is840F g—l.p'g] However, despite the remarkable performance of this material, its high cost
excludes it from wide application. Although some low-cost metal oxides (such as MnO; or
NiO) and conductive polymers also exhibit electrochemical capacitance behavior to some
extent, their capacitance performances are much poorer than that of RuO,. Among these
materials, polyaniline (PANI) has been considered one of the most promising materials for
electrode materials in redox supercapacitors because of its low cost, ease of synthesis, and
relatively high conductivity. However, its capacitance value is much less than that of RuO,.

It is well known that in pseudocapacitive electrode materials, the pseudocapacitance is
mainly produced by the fast faradaic reaction occurring near a solid clectrode surface at an
appropriate potential.!'” Therefore nanostructured materials can provide a relatively short
diffusion path to improve the utilization of supercapacitor electrodes at high power density.
Over the years, different morphologies of PANI have been obtained by changing the
synthesis method. Nanotubes or nanofibers of PANI have been synthesized by using a
porous membrane template.‘u] By using the template-directed synthesis method, a unique
and ordered structure can be built up directly, but post-processing is required in order to
remove the template. In recent years, template-free methods have been studied widely to
synthesize PANI with unique structures. Spherical PANI particles, for instance, have been
obtained by dispersion polymerization in the presence of polymeric stabilizers."?
Nanotubes or nanofibers of PANI have been prepared by the selfgrowth process.!'*!
Hollow microspheres of PANI have been synthesized by the emulsion method,!'” and
nanowires of PANI have been prepared by interfacial polymerization.'® However, the
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typical sizes of PANI reported in these template-free studies are all within the range of
50-300 nm, but when it comes to template-free methods®, controlling the ordered shape of
PANI can also be difficult.*¥! Very recently, random connected nanowires of PANI with
typical sizes of 30-60 nm’® were synthesized by electrochemical deposition, and a specific
capacitance of 742 F g™ was obtained for this nanowire network of PANLI'! However, in
order to further increase the electrochemical capacitance performance of PANI, a smaller
nanometer-sized and well-ordered mesoporous structure must be considered. A much
smaller size can greatly reduce the diffusion path, which can ensure the high utilization of
electrode materials. On the other hand, well-ordered PANI could display higher
electrochemical performance than conventional randomly connected PANI!"®! Moreover,
well-ordered mesoporous material can facilitate ionic motion compared with conventional
mesoporous material, in which the pores ar¢ randomly connected.'” Up to now no
template-free methods have been found to fabricate well-ordered mesoporous PANI
electrodes with typical nanometer-size (less than 50 nm). Therefore, the preparation of
capacitor ¢lectrode materials with an ordered porous structure and nanometer-size would
appear to be of great interest.

In this communication we report the growth of ordered whiskerlike polyaniline on the
surface of mesoporous carbon by a novel synthesis process. The nanometer-sized PANI
thorns and thus formed “V-type” nanopores yield a high electrochemical capacitance
performance. Why such a structured electrode material shows the best capacitance
performance can be summarized as follows (Fig. 1): First, the nanopores provide numerous
“V-type” channels inside the active material, which facilitate the fast penetration of the
electrolyte,

In other words, these channels ensure that enough ions contact the surface of the active
material within a short period of time". Second, the diffusion length L of jons within the
electrode during the charge—discharge process can be estimated as (Dt)m, where D and ¢ are
the diffusion coefficient and time, respectively. The value of ¢ decreases rapidly at a high
charge—discharge current density. Therefore the nanometer-size, reducing the diffusion
length (L), will ensure the high utilization of clectrode materials. Third, the high
conductivity of active material and support greatly reduces the energy loss Eloss and power
loss Ploss due to IR loss {(where 7 and R are charge-discharge current and resistance,
respectively) at a high charge—discharge current density. The specific capacitance of the
PANI/mesoporous carbon composite is as high as 900 F g™ at a charge—discharge current
density of 0.5 Ag™ (or 1221 F g™! for PANI based on the pure PANI in the composite). This
value is even higher than that of amorphous hydrated RuO2 (840 F g"). To the best of our
knowledge™, this value is also the highest reported for PANI (very recently a specific
capacitance of 724 F g was reported for PANI nanowires!'”)). Furthermore, the capacitance
retention of this composite is higher than 85% when the charge—discharge current density
increases from 0.5 Ag™ to 5 Ag™", indicating its high power performance.
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Our strategy can be briefly described using Figure 2. The detailed preparation process can
be found in the Experimental section, The preparation process mainly involves:™ 1)
immersing mesoporous carbon in 20% ethanol solution (containing aniline and H,SO,)
while stirring under vacuum for 1 h; 2) adding an equal volume of 20% ethanol solution
(which does not contain aniline or H)SOy) to the above-mentioned solution quickly, and
with intensive stirring’®; 3) adding ammonium persulfate drop by drop to the solution
mentioned in step 2 while stirring at 0 °C. The first step of the preparation process can
introduce guest precursors (20% ethanol solution containing some aniline and H,S0,) to
mesoporous carbon (Fig. 2, after process a). During the second step of the preparation
process, after an equal volume of 20% ethanol solution has been added to the solution
mentioned in first step quickly with intensive stirring, the concentration of aniline or H,SO4
outside the mesopores™ is reduced quickly. However, the concentration decrease of solution
inside the mesopores is not as quick as it is outside'®. The reason is that the narrow and long
mesopores (the average diameter of these channels is 3—4 nm and their length is about 1um)
limit the diffusion process. Furthermore, intensive stirring does not affect the solution inside
these mesopores. Accordingly, a concentration gradient is produced between the solution
inside the mesopores and the solution outside the mesopores™ (Fig. 2, after process b).
When ammonium persulfate is added to this solution, PANI precipitates will first be formed
close to the external surfaces of mesoporous carbon, where the concentration of aniline or
HS0; is higher (Fig. 2, after process c). These initial precipitates provide nucleation centers
that result in the extending growth of PANI (Fig. 2, after process d).

The morphologies and microstructures of the support (mesoporous carbon) and the
PANI/mesoporous carbon composite have been examined by scanning electron microscopy
(SEM) and transmission electron microscopy (TEM). Figure 3 shows typicai SEM and TEM
images of prepared mesoporous carbon and PANI/mesoporous carbon composite, SEM
observation indicates that the prepared mesoporous carbon is made of agglomerated small
grains typically 0.5-1 ym in size (Fig. 3A). The TEM images of the mesoporous carbon
shown in Figure 3B and C feature highly ordered carbon nanowires viewed from the [001]
and [100] disections; these wires are in the same perfect hexagonally mesostructured arrays
as the channels of their mother mold SBA-15. Comparing Figure 3A and D indicates that a
salient morphology change takes place on the extemal surface of mesoporous carbon, which
is due to the freshly deposited PANI on its surface. As shown in Figure 3E and F, TEM
images of PANI/mesoporous carbon composite reveal that a great many PANI thorns cover
the extemnal surface of the mesoporous carbon, forming a whiskerlike phase. A
higher-magnification TEM image (see Fig. 3F) further illustrates that the whiskerlike
structure is composed of a significant number of PANI thorns extending from the exterior of
the mesoporous carbon into the interparticle open space, forming a loosely packed
microstructure. The PANI thorns are about 10-20 nm in diameter and 80-100 am in length.
The specific surface areas of mesoporous carbon and PANImesoporous carbon are 1300 m’
g™ and 35 m? g™, respectively. The decrease of specific surface area is mainly attributed to
the mesopores of the support (mesoporous carbon) being filled by PAN] whiskers. (The
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pore distributions of mesoporous carbon and PANI/mesoporous carbon composite are
compared in the Supporting Information.)

IR spectra of mesoporous carbon and PANI/mesoporous carbon composite are shown in

Figure 4. Characteristic peaks at 3500 cm™ and 1096 cm™ are observed in the IR spectrum

of mesoporous carbon (Fig. 4, spectrum a). These peaks can be ascribed to —OH (3500 cm™)
and C-C-O (1096 cm™), respectively. As shown in Figure 4, spectrum b, the characteristic

peaks at 1559 cm™ and 1488 cm™ correspond to the quinoid ring and the benzene ring,

respectively, The bands in the range 1200-1400 cm™ are the C-N stretching band of an

aromatic amine. The characteristic band of @ polyaniline base' is the N_Q_N stretching

band at 1133 cm™.. The bands at 1027 cm™ can be ascribed to —SO;. This result indicates

that the polyaniline was prepared in our experiment.

In order o evaluate the electrochemical characteristics of this kind of composite material,
cyclic voltammetry (CV) tests and charge tests were employed to characterize the
electrochemical capacitance performance of PANI/mesoporous carbon composite. Its
electrochemical capacitance performance is summarized in Figure 5. The shape of the CV
curves (within the potential window from —0.2 to 0.85 V vs. a saturated calomel electrode
(SCE) at scan rates of 10, 20, and 50 mVs™) shown in Figure 5A indicates that the
capacitance characteristic of the PANI phase is distinct from that of the electric doublelayer
capacitance, which would produce a CV curve close to the ideal rectangular shape. The two
couples of redox peaks (Ci/A; and CyA;) observed in Figure 5A result in the redox
capacitance. With an increasing scan rate, the redox current clearly increases™, indicating
its good rate ability. The peak currents at C; are 0.024 A (at scan rate 10 mVs ™), 0.041 A (at
scan rate 20 mVs™"), and 0.085 A (at scan rate 50 mVs™). It should also be noted that with
an increase of scan rate, a positive shift of oxidation peaks (C; and C;) and a negative shift
of reduction peaks (A, and A;) are observed, which is mainly due to the resistance of the
electrode. (The impedance test is given in the Supporting Information.) Peaks C;/Ay are
attributed to the redox transition of PANI between a semiconducting state (leucoemeraldine
form) and a conducting state (polaronic emeraldine form). Peaks Cy/A; are due to the
emeraldine—pernigraniline transformation. 20 Figure 5B shows the charge—discharge curves
of the PANI/mesoporous composite at different current densities (current/(the mass of
carbon/PANI composite within the electrode)) within a potential window (0.2 to 0.7 V vs.
SCE). Their specific capacitance can be calculated according to Equation 1,

Ixt

G = AV xm

R L]

where C, is specific capacitance [F g™'], I is the charge—discharge current; DV is 0.9 V, and
m is the mass of active material within the electrode. The discharge capacitance of the

PANI/mesoporous carbon composite at a current density of 0.5 Ag™ is 900 F g™, It should
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be noted that the supporting mesoporous carbon itself has a certain double-layer capacitance
(150 F g™). After the capacitance provided by the mesoporous carbon itself has been
deducted (the weight percentage of mesoporous carbon within this composite is 30 wt %),
the specific capacitance of the whiskerlike PANI phase within this composite is as high as
1221 F g™, To the best of our knowledge, the value is the highest reported for PANL. This
result demonstrates that the ordered whiskerlike structure can increase the utilization of
PANI greatly. That is because this loosely packed whiskerlike structure can enable the
electrochemical accessibility of electrolytes through the PANI phase, which is fundamental
for materials showing the characteristics of supercapacitors.”® Furthermore, the
nanometer-size reduces the distance within the PANI phase over which the electrolyte must
transport ions. The specific capacitances of the PANI/mesoporous carbon composite as a
function of different current densities are shown in Figure 5C. As shown in Figure 5C, curve
a, the discharge capacitance of the composite decreases with increasing charge—discharge
current densities. The discharge capacitance of the composite is 900 F g—1 at a discharge
current of 0.5 Ag™. This value is reduced to 768 F g™ at a discharge current density of 5
Ag™? The capacitance retention is about 85 % with growth of current densities from 0.5
Ag'l to 5 Ag™. This result suggests that this kind of composite material has a good rate
capability, which is very important for the electrode materials of a supercapacitor to provide
high power density. Similarly, with an increasing current density %%, the charge capacitance
of the composite reduces from 940 F g(0.5 Ag™) to 770 F g? (5 Ag™). The
clectrochemical stability of the composite materials was examined in 1M H;SO4 aqueous
electrolyte by charge—discharge cycling at a current density of 5 Ag™. As shown in Figure
5D, dark data points, the discharge capacitance loss after 3000 consecutive cycles was
negligible, at about 5%. This result indicates that materials of this kind have long-term
electrochemical stability. Furthermore, during the cycling process, the coulombic efficiency
{charge capacitance/discharge capacitance) remains at 100% (Fig. 5D, light data points).

In summary, the ordered whiskerlike growth of PANI on the surface of mesoporous
carbon was subtly realized through the unique nanostructure of the support (mesoporous
carbon) and an appropriate synthesis process. Loosely packed nanometer-scale PANI
whiskers create electrochemical accessibility for electrolyte ions and reduce the distance
within the PANI bulk over which ions must be transported during the charging or
discharging process™. These characteristics are fundamental “*for electrode materials of
supercapacitors showing a high specific capacitance and a high-rate charge—discharge
ability”, Furthermore, carbon materials have been widely used as a support for
electrochemical catalyzers, battery electrode materials, and supercapacitor electrode
materials. For this reason, it can be assumed that this method can be applied in other fields.

Experimental

Preparation of Mesoporous Carbon: The mesoporous carbon was similar to the CMK-3
reported by Jun ), and plate-like SBA-15 (reported by Yu ) was used as the template.
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The process can be described as follows: SBA-15 (1 g) was added to a solution obtained by
dissolving sucrose (1.25 g) and H,S04 (0.14 g) in HyO (5 g). After being stirred under a
vacuum of 0.1 MPa for 20 min, the mixture was placed in a drying oven for 6 h at 100 °C
and another 6 h at 160 °C. The carbonization was completed by pyrolysis at 900 °C under
N> flow. Finally the carbon/silica composite obtained after pyrolysis was washed with 5
wt% hydrofluoric acid at room temperature to remove the silica template,

Preparation of the PANI/Mesoporous Carbon Composite: 1) Mesoporous carbon (1 g) was
immersed in ethanol solution (200 ml, 20 %, containing 2.8 g aniline (Aldrich) and 20 g
H;S04) while being stirred under vacuum for 1 h. 2) Ethanol solution (200 ml, 20%) was
added to the above- mentioned solution quickly and with intensive stirring™. 3) Ammonium
persulfate solution (the mass ratio of aniline/ammonium persulfate is 1:2.3) was added drop
by drop to the solution mentioned in step 2 which was stirred at 0 °C for 5 h. The
black-green product of the reaction was filtered and washed repeatedly with distilled water
and alcohol. The resulting polymer was dried under vacuum at 50 °C for 24 h. The 70 wi%
of mass load of PANI in the composites was evaluated by calculating the weight difference
of mesoporous carbon,

The as-prepared samples were characterized by SEM (Philip XL30), TEM (Jeol JEM-2010),
and IR spectra (Nicolet FT-IR 360 spectrometer).

Preparation of the PANI/Mesoporous Carbon Composite Electrode: The mixture
containing 85 wt%PANI/mesoporous carbon composite, 10 wt% acetylene black, and 5
wt% polytetrafluorocthylene (PTFE) was well mixed, and then pressed omto a
stainless—steel grid (1.2 x 107 Pa) that served as a current collector (area was 0.5 cm?). The
mass load of the prepared electrode was 5 mg cm™. The electrochemical performances of
the prepared clectrodes were characterized by cyclic voltammetry (CV) and
charge—discharge tests. The used electrolyte was 1M H;SO, solution. The experiments were
carried out using a three-electrode cell, in which platinum and the saturated calomel
clectrode (SCE, 0.242 V vs. the normal hydrogen electrode (NHE)) are ysed as counter and
reference electrodes. The experiments were performed using a Solartron Instrument Model
1287 electrochemical interface controlled by a computer, '

4.3 Corrected points

1. Improper use of “the”.

Because nanoscopic substances are a general concept, the authors of the paper are not
referring to a specific nanoscopic substance.

2. The sentence as written is not grammatically correct.

The article “the” should be removed according to the usage of the phrase “in bulk”, which
means in large size or mass.

3. Ambiguous expression.
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In the phrase “With nanostructured electrode materials”, “material” is plural, but in the
next part of the sentence “the distance within the material material is singular and with a
definite article “the”! Does the material refer to the same thing? It is a contradiction. There
is nothing wrong with the phrase “With nanostructured electrode materials”(there are many
kinds of nanostructured electrode materials), so can we change the second matereial to plura
form? No! “within the materials ...”might make people think that the ions are transported
from one material to another or something. So if we change it like this: the distance of
material over which..., the sentence is clearer.

4. “Hence” here is not properly used, though grammatically it is correct.

First let’s find out the subtle distinction between the two words by reference to A
DICTIONARY OF ANSWERS TO COMMON QUESTIONS IN ENGLISH. Explanation
given for “hence”: fml, for this reason, from this origin. While for “therefore™: as a result of
this or that; for this or that reason. So we can see that “therefore” focuses on effect, and
“thus” emphasize connection between two steps of a process, emphasis more on the
previous part of a sentence.

5. Improper phrase.

“For example” is used when you want to give evidence or evidences of something that
is/are typical of the group of things that it is/they are a member/members. “i.c.” is the
abbreviation for id est (Latin for “that is”) and used esp. in writing before a piece of
information that makes the meaning of something clearer or shows its true meaning, ¥ eg

(1) This house is not to his taste, i.e. he does not like it!*4

(2) today’s parents have many problems, what do you do, for example, if you find your
child taking drugs? 5}

So here “i.e.”, which is used to explains the word “energy-storage devices”(only include
batteries, not include other things) is preferable to “for example™.

6. Grammatical mistakes. .

“Much research” is not correct grammar, because “much” is an adjective which is mainly
used in a question sentence or a negative sentence, or a clause sentence!™, for example,

(1) Do you take much interest in it?

(2) He hasn’t so much free time as people think

(3) If there is much rain the ground will be flooded.

“Alot of” is a good adjective phrase that modifies “research” comrectly. “As well as”
here is preferable to “and”. “As well as” connects the two gerund phrase, “and” connect two
nouns. By using “as well as” and “and” respectively, the sentence structure is rather clear.

7. Wordy. .

“As” here serves no purpose and it is not required. Because “consider” can be used as
“consider something (to be) something” eg

(1) This could hardly be considered a satisfactory solution

(2) I do not conside r Mrs. Mooore my friend.*!

8. improper use of the phrase “on the other hand”

“on the other hand, as for template-free method”, in this case, the authors of the paper do

not want to compare two opposing opinions or two ways of thinking about the same thing,
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and also does not want to mention the two opposing groups in an argument, so “on the other
hand” is not good, not to mention the fact of without “on the one hand”. If we say “but when
it comes to template-free methods,” the meaning becomes perfectly clear and the sentence
also fluent.

9. Mistake of number of “size”.

If we say “with typical size 30-60 nm”, it is not perfectly clear that the sizes of those
nanowires of PANI vary from 30 nm to 60 nm, namely, the size of each nanowire can be
different from others and it may also be understood that the size of each nanowire were all
the same (either 30nm, or 40 nm, or 50 nm...). So “size” should be plural and
grammatically the phrase should be “with typical sizes of 30-60 nm” or “with typical sizes
varying from 30 to 60 nm” instead of “with typical sizes 30-60 nm”,

10. EXCELLENT use of subjunctive mood in this sentence.

The situation is that the preparation of capacitor electrode materials with an ordered porous
structure and nanometer-size has not been proven to be “of great interest”. What the authors
are saying is just based on their own ideas, not the real situation, “appear” here makes the
sentence sound more appropriate. And the phrase “be of interest” means “attractive”, which
is less formal than the phrase.

11. Clarity point: in the phrase “in a short time”, “in” as a preposition can have many
meanings related to “time”:

(1) during part or all of a period of time: we are going to Italy;

(2) needing or using no more time than: can you finish the job in two wecks;

(3) before or at the end of a period of time: we will all be dead in a hundred years so
there’s no point worrying about it. For clarity we’d better specify “within a short period of
time”, which means “inside or not beyond a short period of time”,

12. Excellent use of the phrase “to the best of our knowledge”.

“As far as we know” means the same thing but it is not good for a scientific paper
because it is used more in our daily conversation.

13. Incorrect removal of a colon

Here the authors are going to introduce a few experimental steps, so it would be better to
use a colon, which makes the sentence structure clearer and grammatically correct.

14. Unclear expression.

Grammatical rules: for compound words which are composed of an adverb and a past
participle, a hyphen should be used between the words. For example: a hard-bitten man, a
well-matched couple. Here “above” of course is an adverb and “mentioned” is a past
participle So a hyphen is required. Just like the compound word coming up “as-prepared
samples”. And there is another place which needs to be paid attention to, that is , “quickly
with intensive stirring” does not indicate that adding an equal volume of 20% ethanol
solution to the above-mentioned solution quickly, it MIGHT be understood that with
intensive stirring quickly. To make it clearer that adding an equal volume of 20% ethanol
solution to the above-mentioned solution quickly, and at the same time stirring intensively,
we should use a comma after the word “quickly” and use a conjunction “and” before “with

intensive stirring”.
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15. Grammar mistakes

Grammar point: “outside” here, like the word “inside” is a preposition, not a noun (neither
an adverb), so “of” is unnecessary. And “in first step” should be “in the first step”, because
logically first step is mentioned above.

16. The removal of “it is”

The removal of “it is” is mot preferable for a scientific paper because it might cause
misunderstanding and makes the meaning of the sentence vague. The second “as” is a
conjunction. It should connect a sentence or a condition here. This sentence is a
comparison of “the concentration decrease of solution” between “inside” and “outside” so
the pronoun “it”, which stand for “the concentration decrease of solution”, should not be
omitted. In the mean time, outside here is a adverb, so it should not follow the conjunction
“as” immediately in a formal article.

17. Wrong grammar.

Before a noun which refers to a general situation, for a countable singular noun, an
indefinite article should be used; while for an plural noun or an uncountable noun, no article
should be used. If the noun refers to a specific kind of things, we may use the definite article
or indefinite article or plural form of the noun. In this case, polyaniline base is a countable
noun and refers to a general situation, so it takes the indefinite article.

18. Two errors in this sentence.

Because “rate” is a countable noun, if increasing is an adjective then “an” should be added
before increasing. If “increasing” is a gerund then, we should not use “a”, but who or what
is the logical subject of the gerund “increasing™? of course it should not be the subject of the
sentence “the redox current”. So “with increasing scan rate” cannot be a preposition
composite structure here. Another point: if “clearly” comes before “increases”, the sentence
sounds like more emphasizing “clearly”, which is the key point of the sentence, and the
sentence becomes more fluent and natural,

19. This part has four “this”!

Which make the sentence sound not very good, though there is nothing wrong with the
grammar. We could choose “the” instead of “this” to refer to the value mentioned just in the
previous sentence. The “this” in the phrase “This is because” is not well used, because we
usually use “that” instead of “this” to refer to what we have just mentioned and use “this” to
tell others we are going to talk about something important. By changing the sentences like
this, we could see that these sentences seem more fluent.

20. Wrong tense selection.

In the discussion part of a paper we use the present tense. So here in this sentence it is not a
good sentence that “reduced” serves as the past form of intransitive verb, it might be the
past participle of “reduce” with the link verb omitted? It cannot be that way, either. Because
without a link verb, it is not a sentence at all! We may change the sentence like: (1) this
value is 786 Fg™; (2) this value is reduced to 786 Fg'. which way is better? The second one!
Because it includes a comparison as well as the exact value, it is more informative!

21. Wrong use of indefinite article

Add “an” before the noun phrase “increasing current density” for reasons already
2



discussed earlier (sce note 18)

22. Wrong grammar.

Grammar point: for an attributive clause with a “verb+preposition” structure as transitive
verb, the preposition should NEVER be removed, because the grammatical function of
“which” or “that” is to serve as the object of the preposition. ¢.g.

(1) The tool with which he is working is called a wrencht*l;

(2) The documents for which they were searching have been recovered!*”,

So in this sentence, “that” serves no purpose and it does not function as anything at all in the
" subclause (it is not a comect subclause at all). According to the intended meaning of the
sentence, that should stand for the preceding word “distance”, so we should use “over
which” in place of just “that” which means that ions must be transported over the distance.

23. Vague expression

This “which” is vague and hardly understandable because it is so long and complicated a
sentence which includes two attributive clauses, especially the second clause stands for the
whole previous part of the sentence. If we end the previous sentence with a full stop and
start a new sentence with “these characteristics/features”, 1 think it would be much better
understandable and clearer.

24, Mistakes in number of nouns

Here we are discussing the general property of ability and specific capacitance. If we use
plural form of the two words, abilities and specific capacitances refer to many different
kinds of abilities and specific capacitances, which is not the case.

25. Wrong spelling of a compound word.

See earlier comments at 14
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FAE —HEAEHEBERKIERXPESEXE

5.1 5|%

TR BRI M 25 R B R TR R AR ML BN, XSEEEH
R TFEEERHN, FHUEFREEE0ES &SN, FHRHTER
WER T RELEEEREWOE XTREN. BTFREYEEEMmALEEIEEN
W%, EERRRERE, Hi, EEREEEENENEENKLBEEEERY
KB BEEEERMUAER R XEE A EERFOA S P RHERE.
AREES CEN, BRREER, BEEEAEHE, BANRURT —BRARILL,
RRERSEERAARY, RARS. BEREFTENQE, REXEERHEMIE,
ERLENT LENBARER. TRAXENINH, ALERARERESERD,
ERRNEPHTSREIR, EROTHSESHENE T ERNREEESHY
PR —ERTEALREE, DERATS (WERH. 2. 2SSO TRER, X3
B, BS. BANERRIEATEHFERRD. REXE, THREHERIR
EHEBRGHIFLE, € ACHMERRERIERKIEAE. 5T RLAS BRI,
NEREAREMCUF RN AE. MHEEREEEREN (HRERB) 2EM
KX FHHBTROME, BRN TSGR SR RN ZERN—%
R, #EaRIIMEET EMEM.

5.2 sh54ie

5.2.1 ®if a I E
1. how useful a tool Z£LHRAMIA.
2. however good a motor il £ 4 & K EFHL.
3. so new a machine tool  ZSLHIHLEK .

4. too useful a tool EEAAMIA.

3. Why do metals come to play so great a part in man’s activities?
A4S REARAES PR KKIER?

6. So important an experiment should be made with great care.

—M it E B R R DR O

7. Mercury freezes if it is cooled to too low a temperature (below about - 40 F ),
WEKEEADBIREAEE (AETERK-40 C ), EREL.

Bk, W EREFo, AHLRIISFE: A so + adjective + a + noun fE5H,
RKadia a WERFRZBREENIMALE. BEREHE 2 —RITFEH. XHE
H35 such a + djective + noun (545 09X BI7E F 874 F R M adjective, MEHFREME
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FFE such XAMA b, BEEFHRGX4FY L, HEFHHAERERK.
5.2.2 more than 2 55 more than one

1. The part weights more than a kilogram.

BN EHE—TREE. (H-FTREFTTR

2. The part weights more than one kilogram.

BN EHERLE—TRE. (IBTHE, =FEZ%)

3. The work took us more than an hour to finish.

BT A EPHTHXRTE (I PARFBETHE)

4. The work took us more than one hour to finish,

BAVET A lb—AM PR RRZRTE. (BB, =P
5.2.3 partof...Hapartof ...

1. When coal burns, part of it is left as ash,

g, —WIETRAK,

2. When some energy is used in overcoming friction and accelerating a body, a part of
the used energy is changed to heat in the process.

HE TRBRRREER I ME— ik, —/MRSR T MEELES 2R,

Bk, RER, apart of. . RAKR “—PMBS". EREDPIEH—LROUNHT
fM: remanant, remainder B, HE —RERBTR—MRS, MEEFUWERFXHFER
FFE .

5.2.4 ERBA BB

Reduce 3.5 times SUEP A 1 /3.5, BLURFIBBEE 1X2/35X2=2/7,
R “W BN BHTERFZR.

5.2.5 HXEH W RN FAEE

1. He has typed that article on every other (second) line.

IR R BR—1T T K.

2. We shall lubricate our machine every four days(every fourth day).

BAELBATHN B FR=REKR 2 X)m—KEF .

3. He receives an injection every four days (every fourth day)

flo 8 3B PR RV R, R =R 4 —K.

Pk, HBIGEIMG, “SRAKBRERSE, MEENANSNR, HH4A
##E. ZEHB every three weeks = every third week R RIIAERAEE=/A, HEFE
AERPIE EREDP every + FHA + BHARZES every + HEHA + BHL WX
PP RERFHN.

5.2.6 other than
1. Thave used every other tool than this one in our workshop.

B TR, RASERBLbMEFIA.
2. 1 have used every other tool besides this one in our workshop.

BT RN, REALERELMMNE—HTA.
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& than 5 besides FIX B, A& LI this one, /5 & 15 this one ER. &
RSP, otherthan EMATLIATF, RERAERME N, BFAREMIEE. W:
with other metals than iron, copper, notably lead, mercury. X B2, #H2Z MR E SR,
RERHMFEK -

5.2.7 five square feet 5 five feet square X 514!

1. The area of this plank is 6 square inches.

RBARBERREANFHIT.
2, The area of this plank is 5 feet square.

XRRBERRERERRY (25 FHER).

EXRETHREFERSFRRES X LB ERF. B ariver navigable 5 a
navigable river & an involved problem 5 a problem involved t & F—H .

5.2.8 to commence this work H! to commence with this work KX %

to commence this work=to begin this work ~ JFZRIXI0 T E

to commence with this work=to do this work before doing any other & MIXIH T 1
TG
5.2.9 prepare ‘5 prepare for X %

X prepare fEERMFASARDFE + NMEAHFAENEH. BHXHE
prepare 1 & Y1501 f5 T B B8R 3013 prepare IXTR, T prepare for /5 H BRI R 8 h
ROFTR, BIRARES “prepare” BB Bid. MW: prepare the room for a party 7 & &
BREEFELY., BNTEHH:

1. He is preparing for tomorrow’s speech.

bR A RENR N (AT RBIEE#E S, REERN---HEME S,

2. He is preparing his speech notes

b7 &I RO (HR R EAMMEH.

3. He is searching his drawer.

fik EZERR MR (3R R MBI ).

4. He is seaching for his camera.

b EZEREARNL CHELF 2 MBS, MEERNEE, ELEM for).

HEERF2HashiafB AXMHvi 5 vt BriEt, HABRAOEGS, —EkS
BEH AR,

5.2. 10 substitute I replace X R

replace: to take the place of something or put something or someone in the place of
something or someone else.

substitiute: put or use sth /sb to act for or serve as sth or sb else.

1. The factory replaced most of its workers with robots.

XX APLEARAT K& TA.
2. You could substitute soybean oil for butter in this recipe.

EXARTTPHRTAR MR,
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XEMAK A ERRARRZEA:

the substitution of ... for ...

the replacement of ... by / with ...

3. The substitution of rolling friction for sliding friction results in a very considerable

reduction in friction.

RS R BRI ERLRIBEENKKRD.

4. History develops by the replacement of the old by the new. ‘

R R ERREUHFEDREEEY.

5.2.11 2HERERIEE
5.2.1L1 BAEE

1. Everyone cannot do this test.

FEANBREE MR, @l FREPABGBHEIMIR.)

2. Both the instruments are not precision ones.

ERA NS HATEREEE.

3. All metals do not conduct electricity equally well.

HERHHE BRI FE.

4, Both of them are not useful.

ENAATREBEA. (@: HEENHIEFH)

XAl FERFA: every...not=notevery HARE ...
both...not = not both HARMA..H...
all...not = not...all HARFHN.. ...

5.2.11.2 &% €

1. None of these light metals are suitable for the making of airplane parts.

FARXEEBEFEEHE IEL.

2. Neither of them is useful.

ENH L.

3. No machine here is produced in our factory.

XEMIBBRRRIO EFH.

5.2.12 From ...on up/down

From 4 °C on down, instead of contracting, water expands.

MBRERUREET, KKK,

From4 Conup MBREIUEL L.

5.2.13 suchas MIFE:

1. Soft materials, such as cloth, do not carry sounds as well as wood, iron and other

solids.

FRHHE, s, ok, SRR TCHEESEEREE.

2. Ultrasonic sounds are such as are inaudible to the human ear.

HENBERALXBER A MBHEE.

3. This book is not such as we expect.
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EEBRRENFHEH .

TE L&A 1 9, such as ERATBMIGAE “Blin”, ERHMNEE—BHEEY
—MMES. MERT 2 AEa) 3 PR such fE0 EH GETID, T as £XRAiAS
SEEMNGL
5.2. 14 advance 5 advancement™”

1. The advance of science has been very great during the last fifty years.

EAHERMERTRRMHL,

2. Many a Chinese worker has contributed much to the advancement of science of late
years.

BEERNOPETAERBRETEBE THRATR.

HER: advance B R MAXT I Z ], 15T KY3hial#1 & advancement FIF K4
BiA i) & advance

3. The combination of theory with practice is the guiding policy for the advancement of
China’s science and technology.

BRBERLERRETEMZHRNES .

4. China’s industrial advance has been remarkable.

PE T RERRIEAR.
5.2.15 -able, - ible R EZHE X

BT, LA - able, - ible PR RM 2 IRBHANEk, EBHR:

1. the alloy is suitable for making the skin of an ultrasonic plane.

XA &EH SHEEEE KSR,

2. Aluminum has many good qualities, such as high conductivity of heat and electricity,
strong resistance to corrosion, favorable physicat and chemical properties...

BAAREZERENE, AumERSAEnSad, BRNRmYE, RIFNY
bl el 7 A3 T
LA : Durable WAM, comfortable &F &M, forcible &N, agrecable &

5.2.16 Would+RE3)i
W RRERAT R S 4R,
Hence the atomic weight would be 32 x 2 = 64.
ETENLE 64.

5.2.17 be proved 5 prove 2 %5
1. His measurements have been proved accurate.
o b7 v B O E B R AR
2 .His measurements proved accurate.
R 8RR RIS

5.2.18 between FE=HZ R
UM: 1 There is a definite relationship between the potential difference that makes a
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current flow, the rate at which the electricity flows and the resistance of the object or objects
through which the current passes.

ERFEEM B E, BRAMDPDERNERZELYARZACOE DX =480
RFEE KX R.

B i%: the friendly relation between the people of all countries % B A K2 [ &
5% £ The difference between gases, solids and liquids <&, B A& @IKER.
5.2.19 due 5 owing
5.2.19.1 “dueto +£id" BAEA G R A AEEE

The acceleration due to gravity is about 980 cm / sec 2, or 32.16 fe / sec 2.

BT3P R mE K2 980 KA 2 3216 R / B 2,
6.2.19.2 “dueto +&id” RIERIE

A part of the energy is wasted in machines due to friction.

BT EEE, —/MESRERHEENSEER
5.2.19.3 “dueto +&iH"” F{ERE

1. Pressure in a liquid is due to its weight.

BAENEH RO THRENEREM.

2. Changes in society are chiefly due to the development of the internal contradiction in

society.
HomEE, TERHTHENABFENIRE.

5.2.19.4 “owingto +8id” ReeHERIE

High carbon steel owing to its high strength and hardness may be used for tools and
working paris of machines.

B G TREAERERE, oTAXSIAALEN TR,
5.2.20 on. after. in FFEZIAFMKH

1.on + BB E(TIMERF), RAZEHIERITFFGE, D EREA S —31E, 6B
FA SRR, TN S

Photographic plates become darkened on exposure to X - rays.

BHER-BEELX- HETHRER.

2. after+B) % iR, ’rRtERER, B—3ERERE, BRI HEZRANT
EEH BN, :

After performing this experiment, they began another one.

ST LR, MIIFHEES .

3.in+ BAHE, ¥r ‘... 0820 5.6

Wood gives much smoke in bumning.

AL G R P YRR £18.
5.2. 21 in case of... / in the case of...

1. in case of ... B 26}, W in case of any difficulty {5 HM: in case of danger I
Hiuk. #liw.
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Break the circuit first in case of fire.

miaxE, BRI,

2. in the case of... ] ¥R “gh----e 8”7 .

In the case of physical change, no new substance is formed.

RETARSE, BRAEFOWR<E. .

In the case of liquids, the chemist takes an interest in density, odour, color and the
temperature at which the liquid melts.

RAERR, HErLEERIBORTE., % HIEHECHEREE.
3. BB FEFRLW in issue (FEPRH) Al in the issure (BZ), in mass
(25, M) Minthemass (K E, BiAE) %,
5.2.22 to 5 by
1. Cost was reduced to 30 per cent.
BARDLEBA R Z=T@WPTEZZET).
2. Cost was reduced by 30 per cent,
BARD>TESZ=1t (RERRMNEIZ L)
5.2.23 to 5 with
1. Connect this wire to the machine.

HiXREEXEHBE (REEA o).
2. Connect this wire with / to that one
HEME S PIREEEE K.
5.2.24 to possess/ to have
To possess H to have HESEY, HHaiE RATHOAE, FERTATFENF
H, BARTAFOAE. #in.
Aball flying through the air is possessed of kinetic energy.
EZH R KR EH L.
5.2.25 cannot be too...
1. We cannot be too careful in doing experiments.
BAMMER(E AP OBAL PR EADL.
2. One can never be too careful in one’s work.
BAVE) TR AR LT .
3. We cannot praise Lei Feng too much.
RIMNERERBFREERIIT .
5.2.26 the wrong end up, upside down Al inside out
1. Hold the test-tube the wrong end up.
AP TEHEFAE.
2. Tum the case upside down.
ERTEE—T.
3. Tum the tool bag inside out.
E£RTREZBHIE.



5.2.27 with/ without + FHEiE + 2}d

HUiE S ERICE M2 @ ML LB Y prepositional absolute participle
construction'”l. FHLWRBEN—I 00, FAFENEENAT.

1. The density of air varies directly as pressure, with temperature being constant

HREEEN, TAREZSERIEL. EXAMFP with GEEEERE.

2. An object may be hot without the motion in it being visible.

APk, BERABEHATR, (IATRENN. without HiBELLRE.
5.2.28 since 5 as

As AR EBREARN, ZES LAWY because E, RiH—RERKE.

Since RARKREZMNF MM, TAMLLEN, H—RECEEHRD “BER". Bl
SAMELSREEEGET. .

1. As water vapor is extremely light, it often rises high in the sky.

BT KREARE, ENEERTE LAMHRA.

2. Since light travels faster than sound, we see lightning before we hear the thunder.

BOA kA ERAR, FURMNEWIBEZMAERN®E.
5.2.29 no(t)less / more than ...

1. They have designed not less than six kinds of lathes.

feANB T T ZOAREKBITFA L H).

2. We have designed no less than ten kinds of lathes.

RNEAHERGIHZE (Er¥BEZE, MHERHER).

3 She committed no fewer than 91 errors[49].

e RMEREE 9 1 2%,

4. There are not more than six lathes in the workshop before liberation.

WRGTXAER R ZERAEIAN GRFEEFEAR).

5. There are no more than five lathes in the workshop before liberation.

BRI ERERBLGFRK. (RHEZP, MBEBREHEM)
5.2.30 A SRIEMRAE

1. As water is to fish, so0 is air to man

FRLTA, WAz 54,

2. Air is to man as water is to fish,

ZRZFA, WKZF4.

3. What A is to B, that is C to D.

AB %FCHD.

4.Aisto B what Cis to D.

AtEB FFCHD.
5.2.31 XEHAFSHE

EERANZERERE ~FRRH S0, FHRRHERERFEE SN
FRUWES. 5. ES%EHEL—K. ARTELEHNFSANTGS. S, &
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WS EHETHE. BREXEREXERRETE K.

WS “—", HFWEHT “-7 HERF “-7 EHATE: BISEHEYT
%, BEAEHASEN,

HERAFSHERE “O” . “7 1 “, ZEPEE—RAREERR, o
MEPHNS, REPHES. RANFERMAEFR <7 B,

{51: Reader ’s Digest  {i#& 3L H%): in 1996 - 1999 7E 1996 ~ 1999 2 (& From ...
to...®AR), A in 1996 ~ 1999,
5.2.32 &K .

EEREERTEEN, FEERTHTEWALYREREATERRRAH L,
MR FEE. WIEDP anicle, composition, essay, paper, thesis, dissertation
K treatise B4 “B83. XE”, 1B “aticle” FERERMKPE LRIBHE, W
a leading anticle(#i€). “composition” TEARZEENL, HATUREAFMNESR. I
“essay” HE— MBI L. “paper” RIGF RSN LB RREFAZELEHRMXE,
“thesis” H “dissertation” AFEM R, HAIEEIEMLT ¥, FEFHRELEMR
X. “treatise” fE—REIELHLE P,

EHRWN: XTREPEFEAOXH, BRIESEHTEHEIRERIEEN,
L EMEBHE RN (MEEER), FSHPHEERXHERTRENHE, — S8
FRESCRAR A, 2 BE L.
5.2.33 S&REFETHARES

EENHBEOTFERERE L, RNLIF SRR RO F. XEFRHEHE
SHERERMAPEERA - MERFSBREE—ENE. XMEEEET HRN, &
B SEENFBAM AR E - M FREEKRE.

An Intelligent Aided Decision - Making System of Choosing Control Plans for
Unstable Slope.

A Reply to ‘A Discussion About Complete Stress - Strain Curves of Rocks Under
Uniaxial Loading,

3R LR B ] Decision - Making & Stress - Strain J& 32169 making 5 strain A X
ERBEAREHAE.
5.2.34 RXPHRYEFOAEL

EXEDRIBFHEN, HP—MRAXE H—HEFE: AERA%H, B
Rk —m e, ABAMEDN. Fin.

36 fifty - watt amplifiers B¥, thirty six 50 watt amplifiers.

36 4~ SOW HyigK B 5

BHAHBXORF, miARER. YERHKD. BEHRT. SWNRE,
Kt HFLLEABRPIAKSIES, BREFAFRAHE. Wi

380 'C, 5500 hpa, a diameter of 3 cm, scores of 17 to 13 and 42 to 3, with a maximum
of 36, (Fig2a), and a minimem of 6 9 %,
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TEHEH, RAGERFR AT TS 7K. W

3000 square kilometers of the best farmland are lost each year in developed countries.

XFEFER, FMRBEHT 3000 RAGEMEHNN. WRASEAFEH, EHT
MEEBTF, RLAKFTRAAEF 3000 BChELHF three thousand.

53



FRE MERERXPBEXEFHEFLINTR

6.1 3|5

MTRUAEARBRNEBAR N AFEEES5REER, Bk, EENEE
BHBRER P ARE R LB GERAA N TR, T LERAE XHBEEP
LB HRREERFRRRETE.

6.2 aELie
6.2.1 fFEO8mKE ¥
1. “..ntimes + WEE + than.."RAGMEIESR, ATRiED 0 2.
Light waves are 2,000 to 10,000 times longer than X-ray waves.
FiEAMBKRZ X HRMEKK 2000 — 10000 15,
2. “..ntimes +as...as...” TR “R---FIn ", BATFER “n-115"
The atomic weight of oxygen is 16 times as heavy as that of hydrogen.
FMRERTFREAM 16 5. (HEIEMEFRELEANK 15 £5)
3. “...ntimes + & AE that,,.”RR” Koo B nfE”, WAEHD “nfEFoeree”
The arch dam is economical in narrow canyons where the top chord length is about two
to three times the height of the dam.
X FIRZR L A IMEH —E = H RS .
4. “RARMMBXKZE +n times”RR” M7 o1 15”7
In 1980 the output value of this city’s light industry multiplied 6 times as against 1967.
1980 5 1967 EHML, EHHBRILS~EHEKT 1.
5. “R A LKIEA +by a factor of n"FoR “HWINB n f57, NEN “18m
To-118".
The output of diesel oil for farm use has been increased by a factor of five these years.
XILE, RASmE>=R8MmT NE.
6. “FRNBMESNLHIBNA +byn times” RGN, FTHRiENR “HMhnn K",
The abrasive hardness of this material was increased by twice.
XA R B RE T RE.
7. as many again K1 B2 “FHE”
We have had five tractors, but we shall need as many again.
RINELE T AWERN, 7T ERINERE+#.
8. “...as much (many, fast...) again as” RREEP, HER—A as Z M half, WFT
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FHh —fEE T Kt (£, ) 50%7.

%: Wheel A is half as fast again as wheel B.

A RIEIER B RI— ¥,

9. “-WBK + by a factor of n "R MLAGIERI MG, WiFEAR “Hoeer
K (F Fe) a-148" & “Benfs”.

One night on the moon is longer than that on the earth by a factor of 14.

AR ER—ARBRLHIR ER— BEK 13 5. (HFH: ARLO—ABEE
HER E—4 R 14 15 .

The weight of any object on the earth is heavier than that of any object on the moon by
a factor of about 6.

WEREMVFERLAR LOYEERAERHE. (RER: R YR ERR
YRR EMEEREH. )

11./33)i5] double R M—1&F, FJiEX “HTF------MIFEF",

The engineer said that the thrust blocks have to be doubled because of abrupt widening
of the valley near the top of the dam.

B TEME, BTRAENRIRERRT K, BHBET XK.

12314 treble RGP, "R “HINB=3".

The production of machine tools has been trebled in our factory.

R MHURE=RCEREFERN=1.

13. 85017 quadruple RAMM=1%, "TiEH “HmBINE".

We have quadrupled the output of synthetic materials.

RANCHE B B 7= B B0,
6.2.2 B D>HIBEN

1L “BPT nfF” BIRRE

The plastic container is five times lighter than that glass one.

BT BHAEZEEEAEER 56, (HiFER: IMERZRNERER /KA

BH#HN 1/6.)
2. ...an times (n — fold) + reduction
The length of the plastic pipe is a three times reduction over that of the metal one.

EREHEMKELEBREBENKERET 213,
3. ExmDEXHIFNE + by a factor of

The loss of electricity was reduced by a factor of two.
BRRFERDT 172,

4. Wb—LHIRFIE

Break ...in half (into halves)  #8++---- 4} RBI ¥
decrease onc-half ME—¥*
one-half less b—%

pot half HF—3
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be less than half t—%iE b

halve... Hoooor W

shorten...two times gk
6.2.3 BAMMMIFES &

L “n% + R +than T RBEEHE, BFa TRE

Buttress dams usually require from 30 to 40 percent less concrete than a concrete
gravity dam.

XIMINFT R E R B E % L E S 30~40% .

2. “wn% + WRE + %7 BTHHRE KT 0 BE

The new-type machine wasted 10 percent less energy supplied.

REFUHROEAFTURLRER 10% .,

3. “RABEENE +by n% RAPEE, BF o RiF

The friction between the moving parts of the machine is reduced by more than 14 %,

REHLBATATBh A2 R ER D 14% L L.

4. “a n% +increase” R niFH, HFE n HF

There isal5% increase of students as compared with last year,

FERLEFEEMT 15%.

5. “n% + (thatof) +%i8 (fLid)” Ry, ABKREEN

The production cost is about 80 percent that of last year

EFERARLIREEN 80%.

6. “ KW RENE +o+ 0% "RAEPEHANEER, BF o THRIFE.

The new technology reduces sulphur content from around 0.024% down to 0.006 %
at a chemical efficiency of 75%.

FLEHHAERM 0.024% L6 MK 0.006%, {LEHENRT5% .
6.2.4 FEME BT T

1. “as... + many(high, long, low...) +as + " &R “% (H. K. K......) Keeerr”
ZB.

The element uranium contains as many as 92 protons and 146 neutrons.

TEMEMTEE A, PFLE 1461

2. “by n+Bid +HHBE +than-"RAPFEE, HF 2 RiF

This rod is by two meters longer than the one against the wall.

KRR BRK K

ZaPE by %, HFRESER.

3. RRWEE L HIFE +to +0” FR “HWWB| n” &K “HOBHn”

Gas welding machines have been increased to 100. <R 23] 100 &.

4. “wo+ EFiA" Fx ‘T

You have given him five too many (few). ¥ (/D) AT A4
6.2.5 PEHFIBETE
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1. DEHEARTHAHERS.

W: Scoresof () JL+ (FMEF 40); Byscores />, R%; Inscores 1H
%, K#t: Byhundres XUAH b,

2. 1 or more, more than, over 5 above BT R A & B F

Amile ormore —%H%; more than one hundred, over one hundred, above one
hundred —H %, —HU L.

3. H long ARMAHERF

alongmile ~XBE %, twolongdays FiRKE%.

4. H odd 4 KA HE BT

Fiftyodd E+L

Eighteen thousand and/or odd miles 18000 £ % H

5.0 less, less than, under & below KA FHERTE.

amilcorless A F|—%E; less than forty / under forty / below forty A+,
4T

6. Hi some, about X approximately &4 M H EHRF

The distance sound travels in sea per second are approximately 4800 feet.

PEEEBNABEESTAN 4800 ER.
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HZicREE

AN EEEL:

HMHEGERXEHESHRRBRARY RAMRER M HE: WEEESREN
HAEURFEMR, mATHehEEE s tEMACKBOREAR, nfEa KR
PR RIREAER . EW. TBRREHREANRETE, REGREAESFEHTE
RARER AR R, RXLMLFRRNRE R CAS, REMER T ¥R
RERUBFEEHAANRE.

HE, REMTHZHEIEGERIMESHR (R, . REIMR. 83
W—REN 57 F—MBEAR, NTEECRTOY B0 — LR 3 meEs
E. XESHERHBEINIEE. Kk, NTHEMREERIME, BT XRE
BE, ROABENTEBHERSOIENZEAE, DHFEARS. EHEFXER
RENGHEET MNP BERF LEETERE EARRNBELRETE. £=,
HERBAETRA N EHUED T, AELEEHFENEE 2N EERTERE.
2N, ¥FEEESEENEAPLERER. W: ERELPHTHE. B &
SEARLG, RbTHE, &6, ERFEEAERASSER R LKERKEHF
. MTRELAVEAMNERIR, BECENXE, WATFRHENER, T
FRERNE AR CER IR R, ERERHMBCENER, UM TR
AEE APHLANRTIBENS LERFTANNEE, AXEFLE LT EE]
BTHRAMXENGF, URHRET EMNER. ZORRBNXEHEbh KB, &
BRI A AR RREMSEGRR BT E PGS RNBIX LS FEmE, gy
ELFER R TG KR — M ERFHAR, R A EiEid BT 4 & Se 4 br
MRLH WA e RS — A RALAAR. DUNEBREGE R U EHES
RABREE RSB ERBIGE R XHBENS K.

ARB XM T LA AR5

L BEIGESESHRE-RER SR,

2. HEEGER OB A, NECRRERA TR RS

3. HRER Y HESHEER. HEPFM. R (AXhHREEEAS
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KR T M E TR EER .
4. ERRMLFELB R RIER I
5. fbF REHEER R XhH XA WiE EEd.

SRIERE:

EEHEAEMBRERELARFRIAMNELRERELY |, ANEESER
FETHSHREEREN AN LENOELIE, WRERENET RN Y EE—
ERUELHR, R ATH2ZAERAEENSEMURRRHA. ERERZ L,
EENEXRRTIRE.
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