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M, nbiU

1.Lydoch n Qtai

X« h, iLUhdng L i mHt v, i o nhQ mybint hIEQ h
tr€ ng v’ nflundil°® lpdhHn kW LniBitsinhah@ido b un ¢
' nhi. m ngwWw mgn®€o&lt chblt thl[i h_u ch p
L. ng xblu LJn s.Mélt k ksgBicagc otnk. nngg @ min i ¢fu | tii
h-a thUgadacul« &@@y ng holng ntng | € ng, !
m€acid & - m" i qguan ngyi vQ s, n-ng L°n t
Trong b’ Xictéchuarys L -d, ng ntngn’li€ Ingn mHit € tm
tiJ]Jp cdn ¢€¢RFy & aphGn h_y | € ng ftrann c §
ne.so v, i c §& omlhg tig@kntgh witttdcquangs h. u
nhi Qu €u LiWm nh€e x[y ra ° ,tih@uw kihinnr
tr€ ngdmhuimg | € ng mHt vatkrh'tings Y®©ly, *amh
c b[p32].

B> n c¢ Yngoaicl§c, thi Jt bi,slLirae§d” phrEm g a
giao thtng vdn t[i khtng pm&tngs i f@éanigh?
thanht h,slp ngvsubidt L, nIngnge€sngc&aoh’ th'
| € cagpins Uithium-ion( LI Bs ) §lh®l @igi [i ph&p khT
tr. t i ©u Li n t_. clBscohguun ngngh)] €t h
phlfn _ ng Lhn giln v"™ mdt L, ntngTuy€ ng
nhién,LIBs hi " n nay vX¥n c¢c,n kholmg &8ch wv i
Li " n d152.L"Tmhh tr € ng xe Li 1 lt@uw ngdt Shn
I nitngaok®olfgg 3'0h® HEOHWVAE kdh) va gidthanh h blpg €( i
130 USDKkWh) [2].VQ c bluBsgGma b, phabhe chéahhode
Li gnfrong - magmoadie tqruanr Bltri mig, u sublt c.
Hi " nvin@p,8t triwnt cl8ict ul °onlkinb@® mg F i chdri JJt
LIBsctng sublt ca¢ll6l[h38),[166]. ti Jp t heo

Trong s’ c8c vdt ldichun | tcioQrennideg kmn gn”
tiJJp (T MDs ©ZMb2 (M =SncW) vaband Xgraphitic carbon nitridegf



~

CNg s LHg ut2nh h-a I T, quang h c¢c v~ Li
d, ng quan tr ng trong lagachh wittacquanglnSgp | €°

n @hsangk hi JMS,vag-CsNacon hilQuihnh et d & wingc bim
(E)h Gdj ‘tihb @ Hphongphd, L b Qmsah’ aovakhdngl = It G Tuy
nhién,t "Lc tait 'h°~ phanhc . @Helectron- 1 t r “~goamgsinh «am suy
g i [hm #Hnhquangxictacc | MS; vag-CsN4[45], [108]. Vit hv/j nghiénc = u
b i fjnhchingtheol ~ h K, naggcaon t n g quangxictacv Xlha i’ c
L Ha.

m, khiac U kHaéc,of i ©y dti anoded  teénc btuicl | MS; (M

Sn, WL anmge ncghi °n thay LktohMphitet h€hng mUi nh
| € ng | T 483mAgdiL "~ i aw, 1(36MAB gL “vi, i ) Santihn
t hi n mYl25], {44],G5InTwy nhién,s . thay L i thW t?2
trong q8tr3hh ch n/lthufiL« chdn c¢chJ c¢c!ng sublt
trongLIBs.nW gi i quayhthi Qbin ph@hng pH&p LK Bn
cing WBrong L - tompogjteg i k Bovai®eNsrt hdat L€ ¢ n
S. g u 49, [H07 M44], [163). Hi u_nghiptr gi . a hai c¢cblu t°
th %4 0§ qua trinhphan tach‘in tich, gifm tait hp;t L- n©ng cao

Q

L'i n h-a quangxhYecltt §tc2 nch, a composi tt,.n ghiy |
tinh va khai thadViSy/g-CsNan h @ v diti [ @ nd_ rirgngc [hail ow hc
moéit r €vamd m & migv Kbt

T. nh ng vah QI thuy/} va th c ti n trén, chdng t6i cm Qtai fiNghién
cou tYng hi p va bin tinh MS; (M = Sn, W)vai g-CsN4 lam chr t x(ic tAc quang
va wt liMi anode pin sc lithium-iond. T r o n gvd I u gompositeMS,/g-C3Na
I ‘& f ng h ptheo quy trinh mt . ko “&ha &h. n Qtai kh[o sat mi quan h gi_ a
h " m ng c@c pha thanh ph (MS, g-CsNs) va hiu  n £ n g quangghanth§ c
chllonhim c1 ng n hng dluhyumkr&composite.
2 . M, c ti°u nghi®°n c¢c_u

T ng h p cac v li" u composite M/g-CsN4 (M = Sn,W)t h €mh [ige
ngdng tr on g c:k)@xdhddtinphmimngxic taccaotrong ving anh sang
kh[ki/nnhan X lycachpchih u ¢ h_nmt' mi b i ntgr @ve (i) lam



i" uanode ch&lBsc - d umggnJva®hnAnthaytilanode gr aphi t e
mY.
3. i n’ hg®a phtm vi nghién ¢ u

n"i ° mg@ghién cu: Cac \d Ii' uMS; (M = Sn, W), gCsN4 va composite
MS2/g-CaNa.

PHm vi nghién cu: Nghién cu f ng h p va bi tinh v I’ uMS, (M = Sn,

W)V ig-CsNabag ph<€hng . gtV pohandn khp sét mét tinhquang

xUc tacg a wd li u bag pHn_ ng phan hy Rhodamine BRhB) trong dung cth
ne&v " antgia kffnt ng _lio@lithiumrkhis dngvdliu | “mc cl i
anode cha.IBs. THi ¢ cac thi nghim  Lc&h c hi n® quy md phong thi nghin.

4. N idung nghién c u

4, 1. TYng hip v™ Llc tr_ng vot | i Mu

N, idung 1: T ng h p vd li' u composite M8g-C3N4 (M = Sn,W): Tr. n va
nghighmnh n K p tigh chi g’ m tin (IV) chloride hdb tungstic acidza thiaurea
v.it I kh'i ° hg®hac nhad’i nung 500 C.

Nidung2:TnghpvdliuMSM=Sn,W)baag ph€hng ph§j
tr c ti/p pha e composié MS2/g-CsNs ™ 650°C trong khi N L'WoU b hoan toan
phanQ g-CsNa.

N, idung 3:nHb t réEBnwVavliutnghp ‘lc@d t r@ncge b
ph€hng phB8npUth nd € IXRMDi, | R, RmarJV-viSORE, TE
TGA vaPL.

4.2.  n § n huttmh ggandxac tac

N idung4: Cacwliutnghp °‘lc€e L §n ht tiph gangxim tac
b=ag pHn_ ngxuc tac quanghan hy RhBt r ong. n €
43 nlc tr_ng Li Mn h-a

N, idung5 S dngcacwetliutnghp WZ~ mn & d arodeLIBs. Cac
L'incc “lcp rap dhg pincic & c oi n ¢ eth t i p quét &vong. -
tufnhoanl o p h% nd ., nwal b ¢ d b mgt A i Li*.



5. Ph€ehng ph8pu nghi °n ¢

Cacwliu ‘lcenghpblgp h€©hng pthétgp  pharig

Vdliu ‘lcgd tr¥®ggcBc phh&Hhiqq Yh§p

+Nhiuxdt i a X ( X AEhRB tridc, xth8nt pft phatinh thw

+HiW v nt quét (SEMyvahiwvi v nt tiuyQr qua (TEM)x § ¢nh L
hinh thaibQmkHue a v i’ u,

+ Ph K ng ngd! (IR) vaph Raman  x Bhccaclién K,

+ Ph€ehnT@A :p h&®dnhtidinhitgawdtliu,

+ Ph€ehng UVNEDR P:h rhgvang Ep th b ¢ xdvaEy ¢ a
vad i u,

+ Ph<€hng p haipthy thd hda'hc BQmHy L

+ Ph quang phaguang (PL)nghiéncuchh t radcvalL Enh gi § m
I taif h pcacachp pfn  ma nngyuatigisinh trong band

+Ph fngtr L'inhoa(EIS: L §nh gi §nhb&kthging dund’ i
v’ dhgamth L'inhoa.

Hol tinh xtc taccavd liu ‘lc€e L §nh gi § t heXpthépdh €hn ¢
quaphln_ ng xic taaquangphan h y dung dch thu ¢ nhu m RhB. Sn pi¥n pHn
ng ~ d&pBantich Bagphépl o -Uis/

Tinh cid "nthdacawdliu ‘lc€ L §nRaggipshehng MHhgp
vongtufnhoan L o  Pph -dngnygn t Ib® h dodt g iom LE.
6. h nghowmthkchima h

h nghoackihgda ahdh §n nxh§ati@nhphnti <€a ¢
vd li' u compositeMSy/g-CsNa(M = Sn,W) chomi_ngdng¢ thwT L -, L €a
ramiquanhgia h ~mgchc@hathanhphvahiu nitng quabgec t §c
I'"in héa ca composite

h  n g h@tan: KJihgqu nghién cu goép pkn lamphong pha thém@h
thngwtliuclitric)p ngdng tr oncg rmioimgt we€ "nkhg | €
nh ng nghitn cuvQkhfnt ng quang x Y¥Yec |t Sihiutvguy mdok n g
phong thi nghim, vd Ii" u MS,/g-CsN4 (M = Sn,W) ¢6 thAL. ‘& khai thac, mr, ng
th ctinchocac ngdngx lydnhimhu c¢ch tr ong . ei@®jichuh r €



b ti/nt i s[n xud pin lithiumn i "al
ni Wm m_ i c.a ludn 8n

n« kh[o s8t m t c8chhemnhdgacabphag m’
thanh pln v i hot tinh quangxuic taci L in hoa ca compositeMSz/g-CaNa (M =
Sn,W). Trong L °ngg@&M«ic ab; mcbipo€utitngldey cho
xuc tadc quangn g €I4,° nh ng h " nyg gC:Na thed, S d. ng composite lam
anode cho dkij@sttt ththnl €

n’oi vV, o . ngqudng ng QIX ¥a bit &t uhy Wrh J]v ~ phcC
Li " n t2ch nhth3dm ih[il”t k& tabquahgv &1 t s u BIt i
compositeMS,/g-CsN4 (M = Sn,W).

n"i v.,i _ng d, Mdnh€ehtng khfThinemg |
nh3m gilm thiWu s, gi«n n° Li n-®GNsc Vv~
cho h” vdt i u I€©u tr_. ion |lithium the

n« L<€a ra m, tfm gudnrrhgt phfmcao/¢d t trong mt
composite vatif k/jvdliu ngdng La ntn gt [kdddut .hay L



Ch€hh T NG QUAN
1.1. PHn_ ng xuc tacquang
1.1.1.Gi ai chuhgvNbthd n o n gquandgsc t 8§ c

7~ CB CB CB
> 4
<
=
._g- E,=00eV I E,=0,1-3,5eV E,>3,5eV
=1
=
s !
Z. VB VB :
VB
Kim loai Ban din Chit cich dién

Hinh1.1. 0l t r Yac "ngE'mg ¢la®tli’ u[120].
Theo ly thuyT ving, &l t r wicg al’vdt chiig’ m m t viing ch a nh ng
orbital phan't I ‘& @i i, Electron, gi la ving hda tr(VB) va m t ving g m
nh ng orbital phan t con tr ng electron, gi la viing d (CB) (Hinh 1.1). Hai viing

n" y clh®& cichnhaubm th nt n gng(vig dih), HL t r'€n g tn g

| “@g ving & (E)) , ¢ h 2 chénh’lcivQi.t n gng §i‘@ CB va VB. S
khdc nhau giavd li ud "Hj ¢ §rawdbarl#h chinh 1a s khac nhau Qv
tri bién thjva Ey. Vd |i' u ban & 1a vd |i' u c6 tinh chil trung gian gia vd |i' u
dh ‘Hi v~ ‘nSkhihco it k2 ch | bt hch hH biyd), cac

electron trong ving héa tg, a ban & cé thW ‘@ qua ving Bh nHy Ién ving

d¥, tr thanh cliidd "Bi cQkilhi. Thlnmggnhngkelicé Bl n h hn

35eViachd c §m h °iil§ieh ngchiico Etrong khdng Q1 JJ35eV la
chHiban d¢ [120].

Theohl ngalgRAC[&0], xiic tacquangl "S fih a yt' cl, & a
m tph[n_nghéahc _dté&l, ng ¢aanh sandhi c6 mHbchil xic ta® Thud
ng xuc tacquangl ‘& s d ng cho cac pfn_ ng Xy r a taadd@ g~ nd th i
G a chHi xtc tac va anh sang. Nguyén |yacxtc taauangd a trén s kich hdt vd
iuban g dt@cdngcabcxic -  dséngthich’hp. Khi LH,

ban dh <t ra dp electron- |, tr ng quang sinh va cdé ¢ r a iceledtron gia

t

r



cac chdib hbp ph thong qua fu n i la chHl ban d.
112 C_. chA phduangong x%¥%c t §c

Hinh 1.2. C Axictécquangc a chbl ban dn [109].

C h /&l tac quang trén ehban dhbaogm s 8u Ugi ah2 AW n h €
hi n trong Hinh 1.2.

-Gi aFh(a} ¥d i ubandh hpth n £ n gng &nesang hbtr i.

-Gi a Hn (bl Blectron hoa irb kich thichnh[y 1én vang & varwy |,
trng t nc W a¥hinigg hoa fr.

-Gi a Fnh(c) Gacelectronval, tr ng quang sinh di chiwi ra bQmHuchil
ban d4.

-Gi ailth(d.e: X[yras tait h p electroni I, tr ng quang sinh bén
trong va trén @mtuchidiban #.L, t‘f ng mangt Ech dMehiyg chu
dotrongvinghéatrDo L - c¢c8c el avohfyrvaon trilg@bBiohda t h
L'in t Prghhittramtl trngmingay Vv timandéva Lii. Cach
electron quang sinh trén vingéd c 1 ng .mgtaitk b p hi€ac | tr ng
quang sinh trén ving héa,tkémtheovicgili p h - n g n o Lid@g rhi€
hotb anh sangQuatrinh nay khéng thdh [ i cho vi ¢ phantach va chuwt " i
t 2 Jtanthét | nf trén IQmH T h 1 n g ngtrit Wb chiQu dai khuh tan



¢ acacthanh gin  ma nngqualigisinh b xdy dn g ¢ & c "tnf #ro thoa
cottmam gimt I tdif h pmtcach hiugd, do L nghdinggy c€
guang xuc taf69].

-Gi a Fh (A ¥ly ra cc pHn_ ng trén QmHuchH ban dq: qua trinh kh
" i v i electron va qua trinoxy h - aivlil tr ng.Nh ngelectron va l tr ng
. n t n gng ti€huw L bQmHuban g ma khong taif h p sSmdo kG tU
cactam h&t  ng trén IQmH TY L ©vy ,ti/p ¢ hitamgjia cac dim_ ng oxy
hoai kh v i phant chiib hgb ph (n & vakhioxygen ttbranhnggct do
hot  nb. Cac gct do cé thWphan hy hoan toamm tlo% cac hpchihu c¢ch 1
nhim. Cfn | ‘€ag céc pfin_ ng lQmHuch x[y ra khi ctdlb hbgp ph c6 th]
kh itamh hn Dbi ° noxg®azvt™ dhahm gb i amrchi baB déc
1.2.Gi, i thi" u vQRhodamine B

Tinhtthg 6 nhimptmnhum L angi lqguam tfegaxhhiing L
hin Ulb inh ngnguy B “ik is ckhe c o'ni. Tromg®ac p¥n nhu m,
Rh B " dsed ng ph bi/h Whhu m qun 4o,nhu m gib} , Il " m m"u sh
céng nghip in Bh. RhB1a h p ctdl héa hc co6 tén 1a [92-carboxyphenyl)6i
diethylamindg 3-xanthenylidene]diethylammonium chloride. Céng dhchl ttb va
chl tric khdng gian@a Rh'BEmB®En h<€ H3 nh “dAti 8hg bRhaB t
noO©u,tahtt t r ocrvgethand. Dung d h | v ethanol ca RhB c6 mau
I, &anh xanh nH phat hd&n h g u a n gnthnii" Fo bilt'rd trong cac dung dh
lodng. Dungcc h . ah& th quangcc YtY o Sng =553 nm.

HC @) CH " ®) |

1.2 nm

0.5 nm

Hinh 1.3. (a) C6ng th ¢ bl tYo va (b) Chil triic khong gian
ba chiQi ¢ aphant RhB [66].



Chil mau RhB c¢6 thg © y ¢ db tinh va man tinh. Khifp x4c ngoai da,
RhBgayd nghdblammqing adavam . Q wm@ho BSchi nay gay ho,
ngac¢,khoth, L aw; nawugtiélh&a, RhB gay ndn m, co i cho thh.

Khi t2o@ i1 gWRHBighy'tn ht h €hn ginhgia h thfntkinh,

tan mau’hng du va c chjphln ngmjndchtrongcacilb o 1 § | §ch. Kk
c hWRHBDbchua h-a th”nh c¢ 8o ga mdtinhlcaohgaynung €h n
t h€ v " Wkhh 8 diday.Mits th cnghimchotlsy Rh B ngghay L

chll trdc ADN va nhimsbttwk hi L €a Btjb " au! Docddcdamn h L

¢ aRhBnén hfuhl ¢ Sactrémtigi i Qlceih s d ng chd nay trong the

phXn [83].

Vi ¢ tim toi, phat t\d mts ph€hng "p guEliwn @ L rb sc &
nhi m RhB trong ngun rc@ wih QBotinhthifthc. Tuy nhi °n, c
phapphbi/h nrc@ttda x lysinhhe, gpph vda | T, Ghiugkht! ng
ti <©ukbtnh QL kho phanhyca RhB t r 0nggt nhiéniTrongr €
nhng nfamLlgyehnmg ph8p x %ténthdwdn dhu alng tchu |
L&s chv T Wih§knlon Lkn gd nsy  n £ mygrruir i© Wahan hy RhB
ma khoéng gay ratagcdgph nguyl cho mgti tr €
13.Ngi'n "Bhoéah c
131.T™Yffg quan vZ nguQn LiMn h-a hZc

Ngu“ n Li nm ht- ah h’ tch trigy tIR€E dn,ghorphép n
chuyYWhr ¢ ti /Jph"hnh bt2omg ne g phlinkh ng

de, i ddng d,ng Li n m t chiQu thtng qu:
Ngu“n Li " n ho§&8 h ¢ Lhn giln c¢- cblu
d" " ch chblt Li n gili, trong L- hakhTlLi n

ntng h€wgtde anggu n Li ' n h-a h ¢ L€ ¢ |
LHec nh€engungqdt €Emg, | € ng, chu k8[4hoUt
Dung (A8 Ing Li n nlg@ mgeimthmg cblp trong
ph-ng Li .Dumg n <€ olgd thig° ng.t& ¢cmgu " n Li n
m t Lhn v khy ihlbhdct gV (t 2m3hk g(aAhc h blt. h o U1
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Mdt, ntng Ik@gnd €1 @gkdgt, Waergy |~ nik®€gnd € n
c- thw L€ ¢ | €u tr, (hoHe mh@htihk&8YyhoHKh
t" Bg chux[ks8trs€cc khi ngu " n Li n mblt nktr
duy tr3 ch_ ¢ ntng c Ha swditi JthW him"n nkh[c
L "hbantng th” nh Li ' n nktng m t c8ch hi u
1.3.2. Pho©n | ov i nguQn Li Mn h-a hZc
1321.Ngu”" n Li n sh cblp

Ngu“ n Li(haypsh sHp m, t | fn) cwdta Im "t
hoUt .Saukrhg ti °u t h, @dinfthoah ®hn gp infi yk K krhg
ntng plcs8c h'siki chipng d,.  ng tr°n th tr €
- Pin Leclanck (Pinmanganegeinc)

Sh LY N)piznCO (KOHD®)HD

Sublt Li" " n L, ng cljla 8 iV, vduwngkho& nngg 1

cm'3, v, i phuatx Ty gr®” hgong pin nh€ sau:
Zn +2NH4Cl + 2MnQ: Y 2MnOOH + [Zn(NH;)2Cl> (1.2)
Pin Leclanckll € ¢ s d, ng rblt ph” bi/Jn ° V

t hPiin L€ ¢ s[n xublt ddng pin kh?t! 4« LTh" nt
6,1% ZnCh; 3,1% Cal, 15% b, t gUahy mm iMHE@QHAY
t€ehng L i rT v thudn ti n khi blo qufTl
Leclanch® |~ Li ' n 8p gilm mdnh trong t
50070% gi 8§ t[38. ban Lfu)
- Pinmercury zinc

Sh LY p@mn:Zn & KOH & HgO, C (+)

Ph[n _ ng Zh+Hg® + 2KOEYt :#&Zn0O+ Hg+ HO  (1.2)

Pin mercuryzincL € ¢ s[n xublt d€ i dUlng pin
(005105 Ah), cloxa dmenwcurmy t | €i f®€ ahhblphb
trongl . npQn [¥8].p Vdt | i u hoUt L, ng c_, aC Li n
tinh HB%W]®p5 v 0o v, th®p mY Ni. B, t Zn
chn&diQu |, p gibly kh8&8ng kiQm LHc bi t.

KOH 40%. Sau khi | d&p, pin L€ ¢ bPHFfrk?2n
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H

LfFwvacu i c¢c8&8ch Li ' n b3xng mi/ngt hBiGmh c &o
(OocV)rblt " n L nh (1,352 N 0,002 V), qusts
nh[4].Tuynhién,@ L, ¢ t2nh c¢c_,a h p chblt mercur
mercuryzincc nhiuQueb ' gila® nh tr° v~° hi ' n nay ch
silveri zinch o Huc Tklzbngrkiai.

1322.Ngu”" n Li " n th_ cblp

Ngu“ n Li In" tnn_ t chblp dnhlin® rh-mkmsg nv™ d
nhi QHalifmgu“n Li n th_ cblp ph” bi/Jn hi
a.Acquy

Acquylangu™lrn t h. veéblgkhi kh®p mUch ngo i,
ntng v hoUt L ng nh€ m, t pvidt Rlai9tnu. L Srac
tr°n c8c LiKmi cdqwl ®phgcktimf intng ph-ng
caichchod . ng L i nc hb®yn qrugdo tir 3 nh méypygT imin ac
l oUi @akxgmuly lacid .v™ acquy ki Qm
- Acquy acid (acquy leadcid)

Acquy acid |71 QuoQirs. ngdE meg Lp 'm ™ mi hrayr
Trongacquy L€€he] ntYplLil'innc Pex @m cth "an ¢ c
ch_a bpvidchmBBEO Li n giSx2930 % un®s cd pchh[ nH _
d,ng Li ' n tromdpgqu& tcrmmhtghbRmg c8&c p

?géng

(i) 0 & Y0 (@

2 0 OOY ¢Q (1.3)

o hong
(+) 0d 1O Y cQ %2,11{/@ 0 O0Y ¢O0 (L.4)

o ehéng
Phnh ngingquatd @ 0 @ ¢O"Y (ﬁ% ¢c0A3 OO (1.5
L

Sublt Li n . nagidcc-, a haw q4iht o @eégaydd” yW ¢ h J]
t Yo Lhn giln, gi§ th" nTuynhiBrbhgoquyléadclcd u s |
m t s° nh€ ¢ LiWm nh€ dung | €vagutrinhi ° ng
c huy Wn h 4thanh PbPbRulki®ng hoan toan.
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-Acquy ki Qm

Sh L™ : (@) Zn OZnOONg0, Kg (+)

Phln _ ng Zh+Ap® + KO8 Eong K2ZnO; + 2Ag + HO (1.6)
Ha i |l o4i acquy ki Qmiirgnhva nickeic/and mli 'u mac oyuy y
Li n L, ng ik400/[Ngoai rd, a@Wgilveizi nc clng nhdn
quan t©m | . n nh® hi u sublt t t, s ph,
WhkdthoHc 30CG( §gBipdima LJn b " n | fn 4. v, i
Acquy silveiz i nc c - tu’ i t h’ vil5t h® fin gaicagnu ys |
c- thJ] “n L nh khi ph-ng Li n v3 s ph
ph-ng Li n, tr°n Li n c¢c ¢ d€ehng tYo r a
Do L-, s chuyWn h-a nktng | € ng LUt L)
acquy silveiz i nc c - gi 8 th”"nh cao n°n khtng
t h” nh, hi n inapcab®uy bshhyeihhfgke&lRngv.ai
Li " n L, ng 1,70 V.
b. Pin sUc

Sau khi fhoanwap Lpii'nn sUc c¢c- thw L€ c
d, ng Li n chUy qua piwndt nli iQuutnh gsifigni EppnX
Do L-, ntng 1€ ng cung cblp b°i ngu’  n
trong pin d€© i dldng h-a ntng. Khi ph-n
ti°u d¥ng L, c Idp v.i | € i Li n. Khi s
d, ng Liquatx [ty mga t heo kK®i.ngM3ngwdy, vnh_ ng
trong pin sY9c | " [4ph[Tm onmgg ht hudn g p'i ;mh
nhch °lc® quantdmsaung t r o n g c adghién cl At td cong
ngh | €u nt ngnglInfed unagnglkié8gIn (g L ! jiaswnickel
cadmiun), t ¢ | t x[thgd , " n &P cao khing 3,6 V (d4d ba fn soyipind a
trén nickel), chi phi o tri thgd ,. b@ vatdith cao[72].
1323.Pin nhi°n 1i wu

Pin nh(hdaymg8yiphs8tILihh Ho®mgdtlal i u
L rmge' ndlpi °n h vas[vih ophXm |1l BiwDda alc- ,L €picn



13

cblp d, ng Lii Anmtotngec &chAi i gi an k ®oPind " i
nhi°n i u hoUt bl J/Jmgttrheo tmndpy foryhbadd ng
c8§c dUng nhi°n | i w,t, hnhiu° Butbh grcmiohi ni
c hblt htalx® ¢ d¥%ng |~ oxygen nguy°n chblt
nhi°n 1i u |~ kh2 hydrogen, h’  p chblt
monoxi de, &

Pin nhi °n iloiygenc - h ysdurbbtg elni ~ 11,1V [3H.g rkW o [
thu L€ ¢ I€© ng Li n |I.n, om8te€lngnkhb?2ct
L"i 1. n v™ ¢+ hoUYt t2nh x%¥c t8&c cao ch

nhblt cho c¢c8c Li n ¢, ¢ hydrogen v ~ o0Xxyg
kim c_ha LBt pi$h v quabthTy r a ghydtogenaxygenn h €

sau:

Sh LY p@)Ni;HO Kah Ni(+)

Phln . ng Hb+%OgY @ §t : (1.7)

Ngo“ i ra, m t s clipnign Ln&hicurnghiifan kkch §
trong nh_ nlg©Ogrmtem pgfn ki Qm AFC (Al kal i ne
(Phosphoric acid fuel cell) v™ pin mu’”
cell).

1.4. Pin s lithium -ion (LIBs)

Sau Kabdhinhthe t h€hhdagbith Lo" n Sony Ener
1991), LIBs gi vai trd quan trng trong cuc s ng hin UYlla m t trong nhng
céng ngh chinh cho cactifb L'int n h€nthdl  drig, may[nh k thud
S , may tinh png, may tinh xach tay va may nghetniMP3[1]. Gil[i Nobel Hoa
hc 2019 cttae chi ¥ nha khoa & John B. Goodenough, M. Stanley
Whittingham va Akira Yoshinovinmg L - ng gngpaf urang tipt r
trinh phat t¥#d L1 Bs . _ tnc@nyg nkth fuy tm i ¢ a nhan I8l va 1a minh
ch ngmthhnEchotn ntnmggngthctinga LI Bs trong t €hn
141 CmM™ uwangueéot shcov t LiLlIBsg cv a
141 1. Cblu t Yo

T/]bdo LIBs bao’gm h an ¢ cl(@anode va cathode) trén hai thu dong
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L& ngtbtning®cim” g ppayehplene hdb polypropylene day t16

I'Jh 25em. "md c cathode®gm m tvd li u hdt | nigt h &g 1a oxide kim 16l

lithium (LiCoOg, LiFePQ va LiMn2O4) ph 1éEnmtlaAl dayt 1 0/hR5em, v |

I, daytng cngkhdng 180em[2]. An o d e Uthhn@ayrs gl ngrgraphite

ph énmtlaCudayt 1 0/hR0em, v i . dayingcng khdng 200em. V.
Cule d%¥%ng tahad yAlLe d¥%ng tad edgebh Ghil
L'ingli  t r ong ndginmBhsi I04: bhi@ " gili |, ng va ctidl * 2 gili ban

rda/rda . Th?* nggcidl h®@ili | ng cha mui lithium (LiBF4, LiPFs,
LIN(CFsSQy)2v © L i B’@RBoa tati ®ng dung méi carbonatath ch (et hy
carbonate, propylene carbonate, ethyl methyl carbonate va dimethyl carbonate).
Chil " gili ban rda/rda bao gm cac mui | it hi d¥m & cao &
copolymer (polyvinylidene ltioride, poly(ethylene oxide) va polyvinylidene

fluoride hexafuoropropylene)34].

o) +_48
+ St
E ’ N&p nho
o
LifePO, S—O—— Vongxoédn
oA > Mithgdém
Cu ¢ Mang ngdn @—‘ Dién cuc am
6
(a) (b) ©—» Mang ngan

Al
s Cathode
G - @l®» — pién cucduong

Mang ngén — =~ Mang ngin
) e
@ . Anode § rop
. N :\ Cu Nap lén

Cathode
()

(c) (d)

!

T

Hinh 1.4. CBl hinhg am ts loU LIBs: (a)dihgtr, ,(b)dhg | £.ng tr
(c) dtng cuic dova (d) dhg ti [63]. ( e ) ~ Ehraplpin clc &o.

Cacldd LI Bs Yrmehbgneg dng dhgtr,dhg | Lng t
dthg clc aova d'hg tai (Hinh 14ad). Pi n ¢ Yic Id8rep  In@ G tromy  t
Hinh 14e.Hfuhl L1 Bs 4 Q&b pfy fuh WH p nhicac b phah 1 i,

I ‘& hdt hod bi ap sl horb nhit | ¥A cé mt | thdng an toan. LIBs trén'th
t Tr@t ey V@ ma vakicht he&€nRn L _§g nhiQ loY thi/t b va
nhuducga nigiéd dung.
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141. 2. Nguy°n tdc hoUt L ng

L1 Bs' ng baecgm céac thanh g : h A ¢ ¢ (Bnode va cathode),
m* ng ngln Agi Chelth fgii cho phép cac ion Lidi chuy gj a hai
L'ingcc v~ m” naghorgt debngamkhiongdip xic trcti/p v i
nhau. LIBs lal&l pinst | ®©wagli r p h - n g ngrdtatrén cdc @n_ ng
I'"in héa théng qua qué trinh chén vii ghén ion LT gi @ h anic c trdi dil.
Khissce , picklnlivingdn ' Hbén ngoai; cac ion tgifi phéngt L'in
cc d€ehng ( c &t higiiesd di shiiywd vQp h 2 ‘an ¢ E &m (anode)
(Hnh15).B;ag c8&8ch nhy, bhhnggbEWinhoe trong pin
d@dth g ntmgchodalhequa vt Ii u anode va cathode v ¢ ‘Shah]Hba
hc kh8c nhdil% khipinMgcée ion Lt di chupwi t anode sang cathode
thongquachl "ngili . Tr ong k hiiphdngt caenbuyén tlithionm g |
“anode 8L'i ¥cah m GMVh cathdde vacunggh n t'mgg  hit€n £ n g
| “@g hoa hc [96].

Xa v Sac
o g e
s
_L
C
L S
+ I =
l— L e
cEEEE |
o g
cEETER C
R O
_‘T
Cathode (LiCo00O,) Anode

Mang ngin Chat dién giai
Hinh15. & ho&l gy ¢ a LIBsL W hinh [81].
LIBs L \M hinht hreg “ ¢l rap trh g t h §i ny hcathodela L i
lithium cobaltoxide (LiCoQ,) va anodela graphite.Caccan ag L' 'in hoa trongm t
tJbaoL | B cin&nh€ sau:
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(+) LiixCoQx + XLi* +x€ &% LiCoO; (1.8)
(1) LixC &% C+xLi*+xé (1.9)
Phn ngt ng quatLixC + LitxCo0; 27 C + LiCoOy (1.10
Tr ong nhcacianodeiva cathode a LIBs, Wt liu | " m aaode

nghiencunhiuq h hihivwgthaytflc ho anode gr@mimitbe t h
ramtthh LIBsm i.Héahc i é canode trong LIBs cé W ‘& chia thanh

ba cfchémh nhatromgiHmh®B: ) CHL @, (i©)” iC Htdbc h

h p kimva (i) PHn_ngchuyd "iLPhTn _ ng Li ' n h-a c¢_, a
sau:

nan c i MXa+Li*+d % LiMX» (1.12)
T K p kim: M+yLi*t+yd % LiyM (1.12)
Chupit il MyOy + 2yLi* + 2yé &1% xM +yLi:0 (1.13)
Pan cai Tao hqp kim -
@
w0 s
¢ > ; X
B « . =
s ¢ /- T
LiM

Hinh1.6. C 8§ c/]l c€&u thul ngh ch lithium © anode[25].
Tuy [ecchyt #Bch va trM khai rng rdi trong xA hi n h &rfdd ¢
LI Bs t Hi@mnagayp WEB®@anhiugamd  wtngngl € ao hhn
thisb L'int quymdéln nh+€ c §cnvdtttn gt haeTrdhigithd K qua,
nhiQi nhanghiéncull « ¢ Aagnnlhcl § n\WWki ‘€ uhi insudhl 'in héa
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¢ aLIBs nhiQ khia ¢hh khoahcn htengh pcacld vdliul’incecm ilq

nang cao cil ~ hg@€hH L'ingili,m” ng nohgithh , B,¢ Tr ongond - ,

suivatiith ¢ aLIBs co thI ‘& dithi nhi uqu théng qua chih ~ k gRat triM

vd li u anodeTrong khudn kh luch &n, ching tdidp trungvao @c nghién cu vQ

vdli uanodem ithaythjgr aphi t ed t hretvmg IbMgBas®. dung

142. Votnodei Mu a

Anode lam t thanh pfn il quan frng ¢ a pin $t. TY2y  vHb tinh Va
hinh thai &b tric, anodén h "¢ L WMijghi ksdlt ng thwg, a toan b pin.
Anode bao’gm ba thanh pfn chinh: v Ii u hdt  ng, vd i u >~ B va cid
k' d2 nh.  nghdlnghdt hnigla graphite,d i udh "Hiavd li u
carbon (acetylene black) vaHitk/3 dinh la polyvinylidene fluoride (PVDE}HI c[f
Qi ‘L€ p h ©@m giQ8tong Hung mdi Nmethylpyrrolidone (NMP).

Trong thif k/JL | B s Fb, 8'm ¢ £anodela lakim lo4 lithium. Lithium
la nguyén't nhGth ba va c6 tijkh am nid trong #i ¢ cac nguyén'tl « J},b i
1 P4V (so yi th/]hydrogen tiéu chq), dchgnguyén ckl ¢ - ‘ohg niégg
cao (3860 mAHY' ) [152]. Tuy nhién, hiu sutHl chu k8 gifm do lithium b hoa tan
lién t ¢ trongqua trinhx[ vab kit a it hoatrong qua trintst . Qimay cé
n g h ¢ afi tieu f n Ip &g lithium g hai hdb ba Fnso vib 3 n h ngt Ngei

ra, lithium cé ti\k/T t athanhdthgl u t i, @gaiu MW d"hi§tr & rv”

qua m’ ngo©ylglldh cch (Local short circuits)d Jihi n ° nge
pint p h - n g hodinitoarva xud hi nchay n do cacphln_ ng day chugh sinh
nhit b ° n W aani@bao pin an toan vi hi u s chu KBt t, kim loY
lithium L ‘& thay th]bag vdt li u L a n lithiim. Nt m 1 &© 1L o "tn
Energyteghat hin ra graphite co thehéncai Lithi u qu, vivdy h L « _ithiiu
LIBst h €©h H pgoalifu tién d a tréngraphitéLiCoO; [1]. Thanh céng nay thlc
>y mthh n€ cac hét | ng nghién cu vQLH  t 2 mtoa VA ti/h hi u qu”
qué trinh xen &lithium ¢ a graphiteT/]lb “ o L |1 Baphét bl c ao
knfntnght ngthgi i h hnipies st truyith n g n KC&vaNiHM.
Graphite 1a m t trong nhng dhg thu hinh ni ti/phg nid ¢ a carbon.
Graphite c6 Bl tric phan Ip Vi hinh g m cac Ein graphene 5 ch ng, lién K}

| -

€

h hn
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vinhaubog t€hng t §c v awraghene KMM\Wehg | cggiac gTi n h

cac nguyén t carbon lai hda spsd x/p trinh t ABABAB (Hinh 1.7a). Khdng
cach gia cac |p graphene la 0,335 nm, 'kh ~ hg@iéng ca tinh thMa 2,26 g
cm3[86]. Gr a p tidh n & \dlli'@ anode chinh trén’th T n@ hi n nay nh

L "n ‘'nlh ‘ccHit, giathanh thp, d f ng h p va an toan.

(@) (b) 20 A

Titanium oxides
A —
151 @D

=2~
PO\ = -

[ B d H:P S § 3d-M oxides (MO,) Phosphorus

Pt S 310
b C [ ~ -
= - Si/Sn-based oxides
A a - -
b Nitrides (MN,) Sulfides (MS,)
a =05
- ﬁ = Alloys (Al Zn, Ag, etc.)

Graphile. @ Lithium
: *

0.0 T T T T —\ Y T
0 200 400 600 800 1000 1200 2000 3000 4000 500

Dung lwong riéng (Ah kg™!)

Hinh 1.7. (@) CHli trac tinh th W, a graphite [86]. (b) n in th/jva du n g° nd riéng
camts vali uanode[81].

Sau khi céc ion Linhing vao graphite, kijog cach In gi a hai ] p nguyén
t carbon I kQsE cung &3 cac v tri chén L. S xen KL 'in hoa lithium Xy ra
trong khdn g nlthj0 7 0, 2 5 iVi/Li()$§1p Trang qua trinh chén cai lithium,
cHl tric | ¢ giac (ABABAB) ¢ a graphite bih " ilthanh mtchyix/p L p ~ rg
nhil AAAAAA cho s xen KElithium. V tri lithium n3n"® trung tam cac vong &
giahail]p gr aphene’ ng¢agraphitenph thd c&ao s | “@g | p

grapheneécs Kmg IL"&n anode, gngdyghoy}tad72c -

mAh g (d atrén khi ° hgieva 830 Ah L (d a trén thitich),t ‘€h m@gyv i s

hinhthanh LiG* trth g t @ &fLlithiuin [45]. S mE  d u mgc alckd 18
X[ 'fu tién trong LIBs la R qur ¢ apin_ n g nthéagiawtliu H¢cva
cac thanh pfn chidl " . difi (carbonate hu ¢ Hdl ph @id, mui, dung méi).
PHn_n g nlthba nay4 ramt | pth L ng gi acdl gl va cac
graphite, gila | p " # @ili rca (SEI). CHHl ° hgSEI[n h “mg$n /i [n
L' nh chu trinh, fuith , céng sl v an tdan ca LIBs.MKb du s hinh thanh Ip

t
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SEl tiéu th mt ~ hg@thiumva & /Jimdimt " h & d u nggtdl thueh
nghch nfdl ‘nlh, n pSEI'" "hh cé thWh g £ tb scghan hy chll "l i
gifivah tr chos di chup ¢ aion Li.

Anode graphite hh  nay c¢’-ngl¥thuyghthichgf ¢ . Khuwkh tan
lithium kém (10°1 107 cmP s Y vatuith chukdthgh, L « k. mignghu Ll 8§ p
cfuchocacngdngrngrait thi/fb L'int tiéudingx e nllyh | €utn g
| “®@g° quy m! nl[44.Bén ch h d u ngghip) g@phite con iy cfm
vimts chil "fgili[13. C§ ¢ d u n g ngrgd tho thh € gili trong
LIBs la ethylene carbonate va propylene carbon@di * rigili d a trén etylene
cabonae | u ! nc din@ cho anode graphjte n h @ g . gilhd a trén
propylere cabonat k h* ng t ‘€©hinagodd gnaphitdi dumg moéi nayphan
h y trén mHugraphite kém theo hin °igebong trocvly graphite n Wkhdo
phc nd @ihic a graphitex u . g<@ghién cu hi n nay td trung vao vic
tim ki/n, phat trMd cacanodetién tih thay thjgraphite M ts anodetQn nt ng
I & gj i thi u trong Hinh 17b. So v i graphite, cAc anode, mnay cho thsy nhiQu
hahhvQmnd  dongskl v~ ‘mgng | €

Ccéng ngh vd Ii u hi n nay tp trung vao ba clip " c €inh nfkm nang
cao nad nighoa caanodeTh nhdl cfiti/h hinhthaidt i u 8¢ c bRag
cach thi} k/jcac & tric nanamhfm hh ch]s v. v nvdliu cling mh€ r %
I, dai khuh tan ion Lf va electronTh hai, phatp vd li uhot ngvim td
t nhant h a ycHlltric, t L -gifm co gidnthWtich. Th ba, £b cac wt i’ u
nanocomposéigi amtchlingy t rimtosit hodt nlg, tr &dim@ L -
L-ng Vvalimtatl Qbust haythWich| ngavdli uhdt  ng
v " Qlhay g6 Jfcomposieco kin £ nd/x[6t  h h nivasliou het | niy
khis d ng" dthg kh i nguyén ciiil

Hi' n nay,slicon (S))L & L § n h 4§ u ay lth]t t nhEl cho anode
graphite trong céng nghLIBs. Trong $ tHl ¢ cac nguyén’tl « J}L,bSi $ h u
d u n gng theéd khi ° hg®a thWich | n nhHl, gia thanh T tr | @g phong ph
v Hbit Si an t.d” 'ndh graphits do thhot nycao h hn
(kholng Q4 V, so yi Li/Li*) [96]. VAo nhng n t m ' p @i 0-Si (LhSi,
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Li21Sis, Li1sSis, Li22Sis) Ifn FUU t i° € Imdo ¢acaat li' u anode trong LIBs mu
nong clfy” nhit . ¢ao[100]. Trong nhn g n A theot dac nghién o vOh p
kim Li-Si va can Bag pha LiSi phat trfid mthh m€[96]. S khéac bit | n vQdung
| “@g gi a Si va graphite ldlo m t nguyén't Si co tAMién kv it'i L raionb
Li* (Li44Si/Li2zSis) trong khi ¢n sau nguyén tC Wién k/T v, i ch' m t ion Li*.
Ph€hng 14r\v&I(145 fnl 'k can Bag Xy  r av ilanode Si va
graphite.

LixSi €205 xLi*+ Si+ xé (1.14)
LiCe &% Li*+6C+é (1.15)

Gian n& thé tich

© =

Nhiéu chu ky - A
.

—> ..{‘4;'

Hat nano Si —
Mat két ndi dién
Nhiéu chu ky
| sttt ier | > o mmtm Y
Bo thu dong
+ Li* Nhiéu chu ky

Si chen Li
Hinh1.8.4in h "hg& as gidnn thW 2 ¢ hv, i Bnode d a trén Si[96].
MHdiOS hunhu <€whnlibd nh€eng aanode d®i c -
I'"in kém (< 10° S cmt® 25°C) va b bi/h dthg thatich nghiém trng sau cac chu
k8 chén/gli chén lithium [91]. Chll tric giau lithium nKi ¢ a Li-Si la Lix2Sis
(LisaSi)" 415°C & dumg I @2O0OmAhGL, viphfn t r £ mthyi «n
t 2 ¢ h/nB10%, thit , @hong,’tntd pha LisSiav. i  d u magy35719 @A
glvamc  gidn n thwich la 2809468]. Bi/h dthg thAtich gay ra nigu veh QL
nh€ tr3nh b 8yaoflgmginH n Hhg®hy, nlSi: ng sl n tb
rat s t h a ythWich trong qua trinh chénfgichén lithium lam cho & Si gian
n vaco ratliéntc o Jpirch n t, lam nHlti/p xic v ly gi avd li' u hdt | nf
v " 'nlcic , do [m dsuunyy nflas® chong; (i) Sboc tachcac Wt Si
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pha hét  ng khiphar ¢ab thudong (i) L, p SEl kém n ‘nh: CHd " i
gili |, ng phan hy " thjJhod  ng ¢ a Si (< 0,4V, so v Li/Li *) ttb thanh | p SEI
trén QmH " dc. L p SElth L, ng ch y/u ch a Li2COs, cac I3 lithium alkyl
carbonate (ROCHI), LiF, Li2O va céac polymer khongdd * H.iL, p nay thuh [ i
vOmhtbnhit  nlg vihédnhd¥ i on vi, c@ac hlHcaopfhn ch
_ng ph ti/p theo. Tuy nhién, st h a ythWtich lién tc lam | p SEI khéng n
I'nh, d b L tgdy, & JHSitinh khi} ti/p x(c tr ¢ tifp v i chEl * i gifi, lam
chll "ngiliti/ptcb tiéuth,cuiicongglm ¥ "Hi v~ dnugn gl @ue t r
lithium [68].

Du n g nglthe t]c aanode Sithdh h h @ soyh Iy thuy/} va hi u s
sik/xTk h 8§ k ®m. ng a i fond frex Lfu tién (4032 mAhg) gilm L §n g
kWso vi  d u 'mg $tl(5€49 mAh §) [96]. M, t nguy&n nhan khacth ch]
anode Sichongdngthctinlatc , Khuh tanion Lf trong Sicht 103
1018 cn? %, thgp  h h n i ggaphitev(10i 10° cn? s'Y) nén qua trinh chen
l it hi um v “ichd®ih H e mggghh p kim ph ¢ tth vatn th i gian
do s pha v /bi/h dthg cac lién K Sii S i Whihh thanh céac lién/k Sii Li m_ i [91].
Do L'.c, @d¢hnh k2 c BivQcHi ®ic nano (B nano 0D, day nano 1D,
thin nano 2D valsl tric nano Xp 3D) c6 tiWwrit ngda khd'ng cach ¢h chuy ion
Li*vakhbo phchin ° ngdim dhg thatich.

M tloY anode mt kit n gngka&khac laa li u d a tréntin (Sn),
I ‘& xem la ng vién sang gia co Wthay th]graphite nh chi phi thg ,, d¥
L'in cao v 'ngdu By titidgb ba Fn so vi graphite)[101]. VQmHy
ly thuy/, m t nguyén't Sn coé tMph[n_ngviti La 4, 4LinMdna° n t
h p kimLisaSn G L du'mgly the®} 993 mAh ¢* [133]. Tuy nhién, vic
chen/gfi chén lithium vao/ra khi mthg tinh thASn gay ra st h a yI. nlvQthw
tich (khdng 300%), & Jflcac Bt Snbv v n,lamndlkini ddc, do L -
lam gim hi u st~ hida. NnQi nghiéncu L «ctih© h "W b nlgn gc @
“n ‘nb &l trdc anode da trén Sn. Mts p h €hn g ~pdquslpe bao cao,
bao gm: giim k 2 ¢ & SntdnaBo (< 10 nm}64] va phan tan cacthnano Sn
trén v li u c6 din tich @mHl N W§ilm h s gi&n n mthg[60].
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Trongmtcéng b ¢ a L i Ungmughi p,ldsl trdc nano Sn%hg san ho
3D “Bfeng hpbag pdn. ng gi a kim 104 Li va Srf** (Hinh 19) [77]. Khi
L& $ d ng lam anode M chHl k1 dinh cha 5% sodium carboxymethyl
cellulose v° 5% gr aphc,n el onariodan hthSn# t an
hi ntinh chill . hda tuyt v i, v. i hi u sl Coulomb (CE) chu k8 Lfu tién cao
(68,7%), tUi th chu k8 dai (800 chu B khfn £ n g _Id@un ggg k2@ mAh
gltdmd dong 500 mA §). Hi u sl i hoa g ddh  “Lc§uy cho & tric
nano & DL 8o hv igEchcc ¢ achik]dinhhai &t trong vi c gifm
thid s co gian ca tinh tAASn.

. SnCl,
x Ar A S
Cat ~ 1) Khuay, 25 gi¢
2) Loc
Pia Li
¢ m-xylene &
{+ 4Li+SnClL S Sn+4LiCl ’o

L @ so

Hinh 1.9. S Iquatrinh t ng h p cbli tric nano Sn3D kiW san ho[77].

Tr o n gng betinh tb chl trdc composite Vi Sn, nhom nghién_a
cachingtéill n gfuldaGS.TS. V6 Vin, "ng“%hc Quy Nhrgn) L
h p thanh conga li' u Sn/gCsN4 bRag tih trinh kh SnCkh v, i tAc nhan NaBhi
nhit  they (Hinh 110) [60]. K/} qul th ¢ nghim cho thsf s hi ndi n ¢ a cac
h nano Se KDcBOt e\ tpch @hnQtgEsMNs. Composite
Sn/gCsN4 thwhi n hi u stdichukBc a o h hisn teilokhiy . Qindy lado s
- ng g\ alkiumgd trkg-CsNatrongvic  n g'lhocHphédhngt
s t h a ythWich nghiém trng ¢ a H4 Sn sau cac chuskchén/gli chén lithium.
Nghién cu n " gho thktiQn n t_ragd licu anode SniEsN4 cho th]h
LIBs ti/p theo.
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citric acid
ethanol

% &,

sncl, &GN,

Hinh1.10. Stinghp v~ JE & n dithiini ¢ a composite Sn/gCaNa [60].
Lavdliu "¢ c an P dh e h3icho LIBs,disulfidekim lod chuywi

ti/p MS (M = Sn, W)thu hat s cha y nh d u n gng Iy ®uy/} cao, tr | “@g d i
daovaz t, c tihh.Tuy nhiéns t h a ythWtich | n trong qua trinrchén/phéng
thichion lithium 1am gim tinh" n "nlh " nlcic d JHhth chnhiQi ng d ng
th ctincawdli ud atrén MS. NhiQu bdo cdo ctrarag, M ckth pMS v, i
cac \d Ii u h tr it/khéng hét | nky cé thwhth chjcacbi/h dthg phat sinh.t s
xen IElithium trongMS;c 1 ng [mH®© dghcpHn ng nlih- ad& ™~ L
i onnildaMS;[163],[156]. MHb du c6 nh@ €U tromg d3l trccomposite
giaMS;vactHinQy t €hnmh €rhdghg tmk@én cu nay wh con Hi it va
ch€a chuy® nxuls@gtim kiDwom t'thi/} k/jvd li u anode da trén
MSzcHlitricmiv. icongsii c ao L -quag frngaeho s phat trvd LIBs
th/]h ti/p theo.
15.Va li' u disulfide kim lo% chuywi ti/p MS, (M = Sn, W)

L~ 4 di ntiéu bW ¢ a h vd li' u dichalcogenide kim 1€ chuyw ti/p
(TMDs), vd |i" u disulfide MS (M =Sn W) L « dhthyusauhrigic a Ggic
nha khoa'hc nh chl trac J p xen KL, c L § o, ng hlc truyQr * # fich nhanh
chong, din tich QmHul, n v © Hoc §tc? mithlinchick trongh thhng | €u  tr
nt ngn g @hdava xic thquang
15.1.V ot tihdisMiide (SnS)

Tin disulfide 1a hp chiihéa hc ¢6 cong thc SnS, phant kh' i 182,83 g
moll. SnSlavdliudditric]p t €mnhge tg r a p e dichalcogenide
kim lod nhdm IVMXo( t r ong L - Y iMém IV va K ia mt chatcogenide).
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SnS kJ3 tinh theo KM chli tric ) p |, ¢ giac ¢a Cdbv. i Sn (IV) i3n® h ¢ bat
din x &kbigiutrungtamS.M L, I BnSbao g m cac nguyén tSn kP
giahai]pc¢anhngnguyéntS sp xp chukhit (s t r %c fAsandwi c
1.11). Cac lp ST S Miclsng #én nhau’'dc theo trc c. Cac nguyén ttrong
m tl plién K} v, i nhau Rag lién KT ¢ ng héa tr- ion mthh, lién K} gi a cac lp

nguyént SKJti/p nhau |~ t€hng/ut §d ovhd hchadvicu Wa ¢
tt thanh &t rn¥ac, mg*®@ai chQu v i di n tich @mHuphong pht. Mt ¢ h
S Vi k2 ccHi t iee€ |~ 8,003 A; 8 = 5,8880,01 A; thiich 6 1a

69,5 0,2 A3v " dailien K} Sri'S khdng 2,59 A. Sngcé trong t nhién’
dthg khoang wt berndtite[33].

Hinh1.11.(a)Chlitracc,a L hpdn?.(b) D ch s
va (c) chlli tric khong gian ba chiu ¢ a SnS [33].

L@ kin trgenSlacilibt m™ u “ ng khdng nlidi, cé Kh
| “@g riéng 45 gcm'3 vanhi t | idng clfy khang 600 °C. Do khg tinh thAEo
m” u v Gmegfti gi ngkim oY vang nén SnSLL.'& s d ngWsLhn, ph
trang tri héb mivang cac ha ti/} trén g, trén gby va cac ¢ d, ng, vi th]noé con
c6 tén gi khac lavang kim (vang gi). SnS k h * naghd, Iia thanh tkp, ngli n
tr |1 @g phong phi. Sn& h* ng t a.rcvadurgmth aitl€o « n g, n h €
tan trong dung'@¢h kignt heo ph€hngsatr 3 nh h-a h


https://vi.wikipedia.org/wiki/Kho%C3%A1ng_v%E1%BA%ADt
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3SnS + 6KOHY 2K2SnS + Ko[Sn(OH)]

VQtinh cidll g u anp $nS & chEl ban dq 104 n,, high th quiang
h ¢ cao trén 104 chh, phifm v id¥ it 107 1Jh 0,90Wiem't, ma . I'in tich
t 1014 1017 critvafc | Udh chupd  H fich quang sinh kha cdb 15
'/ 150 crAVIts Y [7]. Tinh ¢l " riti b chi phi mthh mEb i cac obital d
(khéng tham gia lien ) ¢ a kim 104 Sn, giam €ém ‘Ingt t h e ong kuéng
goc v i bQmHL2D nénEg ph, thu ¢ mthh vao s | p nguyén't. Khis | p nguyén
t gilm o Jpigiatr Egt £.n ghthav' nhomwliu n~ "y | 7 t-€hng
orbital mthh n€ cé thMam d ch chuyi Eg trong cac ng d ng quang hc. SnS cé
Eqt haytréehmtphfmvirngt 1,9 1/h235 e Ve xentl®d i u hai
chiQu c6 thathay th]grapheenh khdo phc ‘L€ nd ®h Eg bag khong ca
graphee [155]. MHukhéac, cac & i’ u aroded a trénSnS; L' ‘& coi la mt gill
phap thay thly t “@g chographitet h ‘€©h # dp dungl “@gly thuy/} cao va than
thinvi m%hg tr€

Cac Kt nanoSnsSL e tfnghpbagnhdu ph<€hng s@h&p nh
plasma CVD, bao abb3ag xung lase dung méi nhit valda g’ ng.| p nguyén't
[7],[48], [131]. Tuy nhién,nhng ph<€hng pBEpts k' hy &hant bhr
vi ¢ kivkh soatkicht he&, dl y, “ngnhile a ¢AcBh nanoSnsc I ng nh€
do tinh phc t% ¢ a quy trinh thc nghim v ~ _ ilchi phi cho.
1.5.2. Vot liMi tungsten disulfide VS)

Hinh 1.12. CBll t r Yacp glahvs. [143].
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WS, c6 dali triic tinh ttWphan | p (Hinh 1.2a), mi | p bao gm ba nib
ph3g nguyén't, t r o Hughny nguyén't kim lod W c kG&gi a hai ntb
ph3ng nguyén't S, tb thanh &l tric SWi'S. M i mHuph3ng ch a cac nguyén t
I ‘& s xp theo hinh Ic giac (Hinh 1.2d). Cac Bin WS L' hnp Kiw
Asandwi c hmh € ehmaib@Qdaynkbdnyg 0, 6 5 nmnginhinlh e o h
trén xu ng va khgng cach mi |l p la 0,34 nm (Hinh 1) [59]. Céac | p nay lién
kKfyJuvinhauBag t €hng t&c vanWiSeothag bés n° n
t §c h cttbh Lhtphablvai| p. Tronglp @ s an d whigaydnad W e
ph i tri xung quanh bi sdu nguyén'tSth t h" nh h tam giacl(Hinhg t r
1.12b),thuc pha th% h3nh 2H. N@ghitikiwvrbatdinW v~
trong pha 1T siéu@. Tinh tAAWS; c6 céc thong'smth g Enka =b = 3,153 A;
c = 12,253 A143].

Cac khiv i °~hgen WSt thanhtinhtiM ¢ gi §¢c m " u 2x § m
co nhit | Midng clfy 1250°C, khi ° hg@éng 5 gcms., dthg L py WS
d b bi/h "ilthdng qua pfn_ ng oxy héa quang (Photaxydation reaction) trong
khing kh2 v "BghueBhyg m!i gWhiEsty mthhn |
b & sb6ng anh sang nhinkdh(< ~660 nm. Sn pX¥n ¢ a pHn_ ng bao ‘gm cac
lod tungsten oxide khac nhau va sulfuric addn i Lun n-ng trong
chuyd thanhWQ. Khi Lun n-ng kkhngd ndéogcliyomay g e n
phan hy thanh W va S 1250°C. WS, c6é h s hhp th quang cao (105,06 cm?)
v " n Enmgdién kp@xciton | n (700 800 meV)[28]. Hunbi t, m t tinh chii thi
V caWSlavdli ucéEggian tip® dthg khi (1,35 eV) co tMehuywd ~ ilthanh
chil ban 6 Eg tr ¢ ti/p (205 eV)" dth g L py thwhi n céc tinh cBl v
quangndchonb@engdngthctin(amchl b i Wt rvH nfgdéh@t L
chiixdc tac, nhit " thifb cfm bih g u amvg pin’st) [162].

Cactinhchl "niticaWSph thucnhiu v o h3nh thg§i v
f ng h p. Chng Hh, tBih nanoWS L& Q@iéhjbiph<€©hng ph&p Lan
tach BRag lithium thAhi n tinh chil kim 104, trongkhi s d ng k thud boc tach
b3ag dung méi tkvhi n tinh ban & [59]. Hinnay, ®nhiki ph<€hng phgp
nhaw nghpvdli uWSv ihinh dh g* ng nhidl va pha tinh tik § ¢nh, L
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n h K thud phan ¥IMagnetron43], th y nhi t [12] vaCVD [115].
153.¢ng dangl vMu M&(M=rSn,8N) s ¢
1531. ng d_ wdat |xidcriéc quang
Nh€ Qced’ ttén, ki n £ n Bhi b ot tinh quangxdc tacg a cac v
li" uMS; tinh khi/t gHp phlli nhiQi hth chj nhiila dotc | t&if h p d electron |,
tr ng khd nhanh. NAu nghiéncu L «cthlcBin Wkhcbphe nh@hin Hy, L
bi tvi cthifk/jcac d&ahtricwtli u  d> L \Btot nfong ki vegu phan tach cac Ip
phfn  ma mgyuatigisinh va tinhn 'nb quang h6aC§ ¢ p h€h'mghmpva § p t
bi/h tinhvd I uMS I « ~ d’b#® cdon h € dhimhkicht h &t [12], pha b kim
lod - phi kim [59] va b vd Ii u composite[44]. T r o n g € tig-bih timh ttb
compositsihch Lt € quan tam rkhh mE¢ a gj i khoa h c[121], [155].

CB=-4.10eV

Tio,

Nang lwong (eV)

Hinh 1.13. Chli triic Eqv ©  c/}pham thch
cHp electron- |, tr” ng quang sinh ca v |i" u TIO2/WS2 [21].
Nibd ntm 2018, Cha W chthanmconyd huaxion ¢
tac quang TI@WSt ht ng qua ph<€hngngadptinpfy@mt t §c h
h tr siéuam2l].Cacwvtliu t haco dirgtich QmHul ' h h n[nw'nigk Hh
th quang c aoi dhgitinh keip Phvqu a n gt t ingdd (Ultraviolet
photoelectron spectroscapyPS) cho thy bién Ey trong dil tric d h p TiIO/WS:
t ©hn g ,itshchugwh ivtich t WS LU TiO, (Hinh 1.13). Ho tinh quang xuc
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tAcca c o mp ocs itttemg € @hghbikh mchh anh sang Khkih va

gifmfc  t&it h pcadpelectron |, tr ng. Composite TI@WS: (v. it | WS

3%) thhhi n m ¢ . Huang phan_ty cao nitdl i1, i met hyl enakhba ue,

hoantoanddimauhu c¢ch n"y tr on.gchifuxitg n4 8 ® Dp h Yut  d
Vi ¢ thil} k/Jva xay d ng cac chil xtc tac quang'ahWwed dalitricdi nk n g

| “@g so le va fip xic WmHuthich h p 1& m t cach hiu gqu” L'Whang cao hiu suH

xuc tacquang  C Fanaylhaihth'n g ¢ h2cmdhiénlc€r ng réi trong cac

_ng d ng xuc tacquangl ~  “szZhva ¢l trac d h p oY 1. Tuy nhién, s phan

t §c'mtichithch]jdo t €hng t 8[m t@au lookiyby/ viaiitm

vi_ng d ng th c UJthgh 6 JJhiu sl ¢ H®&V ng ¢ a hai md hinh nay.

Gfn L Oy, chmiddv " cl L § o~ $(Sscehe)l’ & @Kub WIIl

t h2 ch dthot 2cr8lt diu amtgicxayct lodt e h barcdh [139].

Nt m 2 ®ieticdhpbadlt s h° Slg-CaN/WOI/WS; L ‘& ch]ttb thanh

coéng Rag vi ¢ phat trid t4 ch WOs va WS trén cac i nano siéu rmg g-CsNa

(Hinh 1.14) [105].

Hinh 1.14. C Avdtchuywi "biichs h° S
¢ avd i’ ucomposite ba &li t g-CaN4/WO3/WS; [105].
Composite cho iy hott tinh quang phan ly chlid nhjmh u ¢ htvti uy
trong vung anh sang Krki/n, ggb D8,6 Fn so v i g-CsNa tinh khi/t. Trong. ng
dng quange,ftc§ dihhthas® hydrogena composiD78int £t ng
g-CsNs va hiu stdi "hgg “ b& s-ng 41208 n®Wbilt, ¢
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CsNJ/WOsWS,cé fc . Bi nh hyW29emoed’ hEngay ¢ khi khéng
L'end “dAgxtctac Pt. Bl t r Yac v Vhg gho hpt m g ng uh cong
bién (Band bending effect) va giao witi/p xtc BQmkHuchHche 2D/2D trong g
CsNJ/WOst h¥a¢g € RchwMd "Hi t 2 ¢ h ™ S.ICéacoelectrdn valtr' ng
cOkfntng oxkh cha-oacl @ 2 c\Wthaim big vad qua trinh xdc tac
quang. Ngoaira, cackhijtd o xy g e n = ng'Xic taada WS £ «[i thi n
kKnfntnighthh§ nh s § n gX vicphirtagl cad &  ma mguargi
sinh. Nghifncu n~"y L - ng  wmgarongvic , L ‘@ata mlang mevQ
vi ¢ ch]tb chHl xic tac quang khéng ch kim 104 hot tinh cao ng ¢ ng trong

| 0 ndquang hoa.

Trongnhn g nt mAmiQa,l cr L « thic@®in Wkay d ng cac
chll tr Yc c¢omp8 qil¥Ydeatrém MS (M = Sn, W) cb hét tinh quang
xdc tact £ n°gng. Tu@nhiénphfn | nvdliu ¢ o mp ocsting fep hi:n@ay
bRag cack: thud ph c t, L' . j i chiphi | n, tiéu t n nhiQu nhan |c va gay o
nhim mtingt rB® L - , . ngtmukfhmrh t tHiJa]m i hi u qu ludn
I' ‘& khuyh khich trong nghién a.

1532. ng d_ ng | " mLBsdt | i u anode

Trong nh@  n £ mdisglfidekim loY chuyw ti/p tiéu b\, MS (M = Sn,
W)L &s dnglamchil bt i nhitr htho va v li' u xen € cho pin $t.
Gfn LML& ngdng t h” nh " né anagoddcho oac tith ng pin
kiQn ion bao gm LIBs, pin sodiumion va pin potassiurdon théng qua qud trinh
boc tachthanh cac Hin nanol. h hotb vai | p [108]. So v i cac anode graphite
t h€hH,d0MSm6 il tric phanIpt €hnmgh €5 ¢ unhiQulk t 2°n h
tr i hnhhnBu n gng ly @uyl | n (433mAh gL iv. i WSz va1136 mAhg't
"iv.iSnS) , " nbnhitvahoah ccao[108], [151]. Xét vQcHl trdc, tinh thV
MS; cé khdng cach gia cac Ip 1a0,618n m ik i WS; va Q590n m "i k. i
SnS, L n h h@ sovh bankinh ion Li* (0,076 nm)[32], [128]. n Qu naythudh
i chovi ¢ chénion Li*. Tr ngd | n gp pHi khi s d ng MS tinh khip lam
anodetrong LIBs [a s thi/u" n "nb da trdc trong qua trinhS/x[, | @6 " H i
k®m v~ ° mgwpin §h cv]<€y do chinh xtill phatt hi n " ng®&/Ft ht nano

vV €
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saumichu kdlamvi cvas phan hy "t hoacactl dgili . Wkheb phc
bEI i nay, nhQu p h€hn dhtiplh@ pu b’ic€ng b n h € \hispat k i
hinh thaivd Ii u .d é&hg chll tric nang (i) pha £ nguyén't va (iii) ghép MS
vicacwliut €hng t hvals dompoditdl@], [46], [156].

Trongm t céng b ¢ a nhém Zhao, composite vSnS L' ‘& @I ¢hnh

k 2 ¢ hc ttérmg@phene oxiddlg kh (SNS/RGO)IRa g p h ©€h n gnhpth § p

[156] (Hinh 1.5).

ICE
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$6 vong (vong)
Hinh 1.15.  ( ang cangCV 10 chu BLfu ¢ a SnS/RGO-12.
(b) Dunggc/xfcBuk8lfu ti °n v n@c} ridwlthgm]! €
¢ acac w Ii’ u SNS/RGO-12/24/48]156]
CHli trtic, hinh thai, thanh ph pha va tinh dii | Glithiurh ¢ a ba wt
i u SNS/RGOX (x lathigian x lynhit, x =12, 24va487g) L« kio®at.
KJT qul cho tHy ki/h tric nano c6 "Wt h ¥ s truyv "Hi t 2 ch v~

i o

1

cngtinhdh "Hi t intiol kY gfimthWigidannthWwt 2 ch v 'Hh ngtr

quatrinh v vngawliu, dod U'k<€Lln 'nh chu I8 cao. M
SnS/RGO12gmmt ~ hg@h ht nano Sng12 nmvamt °~ hg€n SnS 3i4
nmbaophgfn nh€ WQFun gl ap@emé y wmi Hihpi uqugst n
ti/p xuc tr ¢ t/p gi a graphene v chil i gili va giim s hinh thanh_Ip SEI,

c h
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d JJLCE® chu k8 Lfu tién i cao (82%). MU SNS/RGO1 24 I du'mg | €
thudh nghch duy tri’ m ¢ 1211 mAh §*sau 200 chu& cao _hhfmhiso v
c§8§c bgoc clE§@y ¥nhB°ln-o/, R G® Sc Tcrkifo sht®hi ng d ng
lam anode_ca pin ¢t sodiumion, K} qu't h u” ¢ tHMh[ quan. Nghién cu nay
d ki/h €cung & tigr QB u ich cho s phat tr\d ¢ a anode cé WWkiwh soat
k 2 ¢ hcttog® th' ng pin kign céng st cao.

Trong mt nghién cukhacn £t m 2 @i 5§ WS@RGO v i cac lat nano
m ng WS phan tan trén graphemide dthg kh , ° & @]t thanh céng Rag
ph<€hng _prni§[65]. Cli tric phanlp v~ h 3 o hl _Sdodpositd
gop pifn  t £ mghi st sCe/X[ so v i WS, tinh khiff khi s d ng lam anode
LIBs. Du'mgriéhg@a c o mpb565 mAé ¢t Bau 100 chu& 0,1 A gt
vawh cothiveungdd d u'mg ni'nBkhdng 337 mAh g 2AgL. Ph®p L
EISchothy hi u_ nghpl c gi a WS VvaRGO cé thWam gim L § Wgin tk
ti/p xtc va §ithi n hi usl i hida. Nghién cu nay m L “éhg cho vic thi} kJ]
va ch]ttb vd li' u composite da trén graphen®lS; lam anode LIBs thh ti/p
theovimd , dbng sidicao va n "nh.

Hinh 1.16. 4 nh SEM ¢. a WS /carbon [75].
Trong nghién cu ¢ a Liu va ¢ng s, composite hai, Ip WS/carbon vi
WS, phét trMd trén cac gficfu nano carbon n g ,” ¢ L@ ¢h]thanh céng Bag
ph€hng _prhi§p vids ld@glam anode cho[ LIBs va pin sodiumion
[75]. Cac qf cfu carbonrng [ithinc, W "Hi v " n [nb¢a anode,
" ng th i cung & nhiutdm hét , nlg h h n xen K @ac isn Li va Na (Hinh
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1.16). Anode composite chott  d u’mg riehg@ao 987 mAh'Y§ 100 mA g1

va 826 mAh §° 1000 mA ¢* L iv. i LIBs va 575 mAh §° 100 mA ¢*va 379
mAh gt 1000 mA ¢t L' i v i pin s sodiumi on v~ ‘cidaivmdn gl L
dong cao. Nhng K qul't h u’ c K@ g nhivd |i' u composite nay c6@n n t n g
~ng dngl nchocl LIBs vapin §t sodiumion.

Tr °n° phanm tich tinh hinh nghiéne-_ng d ng ¢ aMS; (M = Sn, W),
ching t6i nkah thby vd |i' u cbl trac | p hai ch@u MSz s h u tinh chdl " i,
quanghc, ‘achahbahc d L §oWwkd-ait\Wrh §rg plEm vi_ ng
d ngtrongnh@y | omlkbbwvt lamchidl  x Y4c  t § ¢ n qqoamodegongy ~ L i
LIBs.

1.6. Vd li" u graphitic carbon nitride (g-C3Na)
1.6.1. @u trdc tinh thO®

Vd Ii" u carbon nitride cé [y phatinh thiwkhac nhauy” m U-C3Na, b-CsNa,
Id p h &henthwi, g-h-triazine, gh-heptazine va -@-triazine,v. i Egt € h mq)
la 5,49; 4,854,30; 4,13; 2,97; 38 va 0,93 e\[141]. T r o n gé&c pha ¢h-triazine
va gh-heptazine'sh uEgthichhip 2, 97 v WhEi2h &nB saeg\Khkilh,
| i Lh & dgBantdmnghiénanhiy t r ong 4 g arhighvrinay.

L @ ki nt h g, graphitic carbon nitride (§sNa) 1a dthg tha hink n “nh nH
h a hG mang ¥ hi u gu caotrong cac ng d ngth c ti n.

(a) W (b) o
i e
vy ¥y
vy ¢y o ey

Hinh 1.17. Chli trc ¢, a g-CsNa4: (a) Chlli triic vong striazine
va (b) chli triic vong tri-s-triazine [109].
Vd i u g-CsNs bao gm cac &l tric | p hai chQu x/p ch ng Ién nhau theo
ki so le ¥b thanh nhng mtbphang carbon. Hai Kh  t r Y tromgtmt b p
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mthg gCsNsl ~ ¢ 8 ‘cstriizinen(nhwng vong GNs |, ¢ giac, Hinh 1.17a) va cac
L h n triag-triazine/heptazine (nhémel7, Hinh 1.17b) lién B thdng qua nguyén
t Nsp. Cac mbphng carbon la'hth ng liéen Ap | a céc nguyén tCsp? va
Nsd v, ng t h hpnmtbpBggcliénifp liQh kQlién KT v i nhau KRag

t €©h n g/ vagder Waals.

Theo cac bao cao, tinhwa-CsN4 1" n t kiwi x/p ch ng ABAB (Hinh 1.B),
mt 1 ° cOH4 mguyént t €dgry g nhom khong gian P6mpL10]. CAc
thong s mthgti ©amtc ! ° la& &= 4574A va khdng cach gia caclp c
la 6,7205A, kh'i ° hg®éng 2,3 g chi[113].

A

a

Hinh 1.18. KiW x/p ch’ ng ABAB ¢, a ¢-C3N4[110].
16. 2. Ph_ Yngdupph&p t
Vdli ugCNscOthWW. ‘&fnghpblag qu§ t Ahnth IEEngi
camts tigqcH hu cda giau nitogenn h € a uhioere, melamire,
dicyandiamile, cyanamile va guanidine hydrochloride 5001 600 °C trong khong
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khi hdb k h P32t [14B]. Vd i ugCNs L ‘& fnghpblag ph€ehng p
n g ‘€n mhi ttiQh chid melamire” 520°C trong khong khj132], cho thyy s hinh

thanh va phantly g-CsN4l i ° n Jjgmalolt Lc § ¢ thg i &G Fhali mhii, o
sthtng hoa nlitmeami®@yi390°C),khit £ n gt nliji350

°C cac §n pn trén rgh fng melamie ' ‘& tim tH}; trong khi tris-triazine hinh

thanh qua.ssd xp 19 melamire” nhit | kho[ng 390°C. G iYath hal la

ammo n i ac tath@a (54%C), s t r ¥2an g n g €n gi-stidice tWH ¢da v
polyma mth g . ivdao kiifnt ng h3 n®Nst hhitn hkhojng 520°C.

Vd li utr nén khong * nhit | &én 600°C.  Gilweciii cling la qué trinh

phan hy oxy héa tip theo ¢ca gCsN4 (630 750°C). K h i nunf 700°Chg L
K/ quf d¥ J)Lbih mEipHnt doconHc awdliu t h e 0 ngesmmrakii €
nitrogenva nh n g Ycgande. Nhit  phan hy hoan toan.ca gCsNad a ongl.

t 700h 7B0°C. M ttr ngdl ntrongk: thuat nghp L - tlhtng, hoa
dang ca melamie” nhit = ¢ a o Qi nayikh ch]s phat trMd r ng | n mthg

khéng gian cag-CsN4 do melamire sinh ra trong thi gian ngda va cang'tn td v, i
caicdhg kh§8c, t/rhgdrogensElam chdn § melakire hoa[114].

- A

—e—d=e .=r~< Cyanamide Phan hiy hoan
"{,.d Dicyanamide ‘ o toan (700:750 °C)
Z| A (137 °C) - -

|a

(I_— . Khongbén
(600 °C)

Melamine Tri-s-triazine Polymer hoa g-C;N,
(350 °C) (390 °C) (520 °C)
Hinh 1.19. &t ngth p g-CaNat. cyanamide [132].
C&§c gbhaWilhé nh n*cyguan $antl trohgsqua trinh hinh

thanh gCsNa t tiQh chdl cyanamide (Hinh 1.19), ngatr. g i ath fillas hinh
th”nh mel amine _tignedlg cg/uaan anmd ‘@reg 1mn ®tn g c
nhitg a gCsNs L ‘& xem la cao nfiitrong cacd i uh u ¢ h'.n "mh nhit
cothWb [n h “mg® i cac mc _ trang A p khac nhau @ gCsN4 trong m i
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ph<€hng ngthp Pnh'tn "nh nhit cao ca gCsNa khdng ch mang H hi' u
quf chonhng ngdng  nhit Ho% nlg . idc@ °C, ma con cho phépib
h d dinglfag c8&chtt hmggtmaB0OPC.D a v Fodinh bay, ¢
CNsL ‘& €u  t hg'lam clitingr “nb hinh &l tric va cac ngun cung &
N W ng h p ctill tric nano carbon b nano nitride kim 8.
Tuy nhién, &l trac gCsNa L ‘& fnghpblagcacpin. ng ng@Fig t
t r ° nngH khi khuyldoviclod b hoantoanhpchd trung gi an.
g-CaNsc -, thd t tinh thweao va it khuff td co6 thM. ‘&t nghpbimts
ph€hng ph8pmkry§ pion nhia(@u ignong chiy) [8], chiu xUvi
song[147] vachHdll, ng ion[142].
1.6.3.¢ ng d\ng \ot liMi g-C3N4
163.1. ng d_ wvdat |xicriécquang
Xac tacquangd thwd a t r © rg-Cabldl 6 $ d, ng r ng réi trong
chih ‘kci#@msth mimg t kM ng . ck@édé nghiéh cux @y chil 6
nhi m pha khi (NQ, formaldehydeacetaldehyded ) t & F w biJwtinh gCsN4
I « mBnhguKIqul&§ng c¢h¥% ibiangn o by Wi dv, Dong va
cngs L « L €& nang masnma Ag lérbin g-CsNs LWM 1 ng ving ty th
anh sang khki/ndo hiu ngcn g * mg@lasmon @mHuga Ag, Xtsh Y%c L
hinh thanh cac’'gt doO v "~ t Lngg ph®n 'tn8ichht LI:i n©ng c :
hot tinh quangxdc tacg a gCsNa L i v, i qua trinh oxy hdéa khi NQL11]. Trong
m t cong trinhkhoa hc khac, nhém nghiencagca Kat s umad minhl « ¢
raag il tric d h p WOs/g-CaNa ¢6 thVg | a  ‘tck nipdpan thy acetaldehyde
trong khong khigbp 1,4 Ifn so v i g-CsNa tinh khi/} [55].
MH khéc, xuc tac quang d trén gCsNs ¢ | n g ¢ _lhged ng ph bi/h
trong phan hy céac chdl 6 nhi m phaln g , methyi€ne bluemethyl orange, RhB,
hpchHica ph e nToohg bdoécdo. @ Fang va’ ng nghip, composite g
C3N4/CdS (ky hi u XGCS, x 1ah ©~ m’ n§) @C3Na b a rfu) L& f ng h p thanh
cobng thong quai/h trinhth, y nhi t [29]. Ho tinh quangxuc tac ¢acacvd Ii u
‘& L' § n havapip nd phan hy MB, RhB va hn h p MB/RhB. K/} qu
ch’ ra raag, cAccompositexGCS cohi u siHl quang phan_ ty chil mauv @ tr i



36

h hn _BgeCsNyva CdStinhkbif . Qinin g ly ¢gii@a do dltraicdh p ¢
CsNd Cd S tln«gng bi €qu hbp th anh sang khki/hva, c chjl § n\t ¢ k
I, tait h p ¢ acacht mangl 'in quang sinht L -cfithi nho& | niyquang suy
thodi ciiimau hu @ Hb.bi t, composited,04GCSthwhi n phfn  t phanhy
MB t t nhlv, i h3ag $ t ¢ | 0,0301 pht! trong th i gian chijy x490 phat, cao
gEd 9N g-CaNsvaghh3lfn Cd S.  Tr wdnligu OR2AGCS thvhi n hdt
I, ng quangphan hy RhBtuy tv iv. i hi u sudl gib 232 Ifn ¢-CsNa va 297 In
CdS.Ngoai ra,cac clti xiic tac quang dhWe 1 n' gh uot tinh quang suy thoai
v ‘@tr itrén ciié nhim h n h p MB/RhB.

Trong ng dng x ly khang sinh_t ngin _rc@f, chl trdc d h p pin
Ag20/gCsNs L ‘& ch]tlb thanh congBag ph€hng ph&p phgOn t
d. n g Wphan hy khang sinhtetracycline hydrochloridé T C) i anh®ang khki/h
[84] (Hinh 120).

Hinh 1.20. (a1) 4 nh TEM c, a g-CaNa. ti nh (az, a) TEM va (a4) HR-TEM
¢ a AgO/g-C3Na. (b))  C Rxuctacquangl iv. ivd li' u Ag2O/g-CaNa4[84].

i nh TEM va HRTEM trong Hinh 120a-a: hiwd th cac it nano AgO c6 kich
t het 5115 n'meclWehchbchiEv ™ ph&ng@ Bém QMHGCaNa.
Trong-CNal',- n@ Vv ai . ¢hocgach Ag.OgVih§ ¢t likb clethg K ¢ .
Hinhthaiva &t FoWid ¢ d.composite AgD/g-CaNathuch [ i cho vi ¢ phan tach
cacht mamg WHio L - "ug@m gic c & & c Koy phargtich XRD
cho tiBy Ag2O b kh m t phFn thanh A§ trong qua trintphln_ ng. C hchusvi
L'int L*&@mé{nh<€ hl20m NguyéntAg clibhgnlchonh€ t &§c nh



37

el e c Whthoch]s ttaif h pbag cachchunhanhc § ¢ el ectr dhn qu &
kKihpviO2th gc OAT lam kéo dai thi gian $ng ¢ a ching trén banXd. Cac
electron condl trén CBcagCsNac | ng t h g giiOalWgbhra gc QAT
t rong k hirnglirén VB 8acgCsNava AgO £ phin_ng tr ¢ ti/p va phan
hyTC.Kjqulatc A ghanhy TC trong compfosoiitAg:Oc ao
va3,52fnsoyig-CNa. Hpans "m "nb ¢ a ctdlxic tAc AgO/g-CaNa L i v, i
quatrinh phantly k h § n giéashisanginhid 8 c | ‘ncaghiBn@u. Sau by
Ifn téi S d. ng, hi u st suy thoai TC chgilm nhG cho thf chli trdc d h p AgO/g
CsNac -, " nbguangvakphn t ng dingit s

Qua trinh xtc taquangp h ©n  t c&m Rubdl H2@ m t cong ngh LFy h a
hGiL'Wth ¢ hi nchuyd “ilhi uqu n £ n ‘gng irH&@ i thanh nhién liu héa he. Xu
v "“nd_nghip L € ng h p chl xic tac quang 2D B@J/g-C:Nabng ph€hng p
|l p t omthsdl¥ip (Electrostatic selassembly)140]. Th ¢ nghim cho thf g-
CsNacot ¢ | sinhhydragenthbh (30,1 mmol At g'Y). n Qu tha v sau khi lai ghép M
caictih nano hRe@ahi ustbeicthcquangl ‘@ dithin L 83680 k
mmol H* g'Y), caoghd 13 Fn so v i g-CsNa tinh khifl. S dichup i tich qua giao
di n 2D FeOs/g-CsNa pht hip v i giln ™ E tr ¢ ti/p, c[i thi n hi u swHl phantach
I"in tich vat h YL ngh cphln_ngquangkh n :&. Trong mt nghién cu khac
¢ a nhémzZhong quang ban ¥ d h p 2D O-g-CNJ/TiO2 L ‘& QL €h] bag
ph€hng pmdnhit[d57n@pmposite @-CsNJ/TiO2v. ihi u_nghip| c
gias hgbth anh sang't ¢ a Og-CNsvadintich@Qmil nga Ti: L « t £ng
c@g L @hgstkphn ngthhoaH, t HifgsoBihnhpvdlyca
TiO2 va Og-C3Na. Nt m 2 08agdién cmdia mJ icang B & t chl tric
compositettb ra t cactbh nano 2DFeSe/g-CsNa4 [47]. Chli tric lai 2D/2D 15%
FeSe/g-CsNs S h u hi u sWdl quangtachn & v ‘@ tr i; 16556 € mo 1! g throng
dung dch NaS/NaSGCs, cao dgb 265; 1,73 va 119 IFn so v i g-CsNs, FeSe va cac
tinh thwhano 0D/2D FeSfg-CaNa.

Trong nghién cu vQmo hinh chuyd "Hi t 2 € I8, camiposite 2D/2D
BiOBr/g-CsN4 L ‘& Q@i ¢h]Jthanh cong nhm t1, trinht I rapt h nh p tiQn
chidl Bi(NOs)s, KBr va cac kih nano gCsNs (Hinh 1.20a) [150]. ,DeBi/u xUc a



38

anh sang b tF i, 99% RhB (10 mg L., 100 mL) b phan hy b i 1,5BiOBr/g-
CsNstrong 30 phat. Hiusidli n "y ¢ a bcachtdh h riésagolG(BIOBr va ¢

C3N4). Ngoai ra, composite conWi nhdt t 2 nh quangngdréhg t §c
sfn xud Hz v, i hi u st 4 106,63smol g1 h'L, K/ qu n ~ y’ ¢ gue cho giao

di n ti/p xtc md thi/, di n tich QmHul, n va hiu gu phan tach_ca dp electron

i | tr ng. D atrén cac phan tichth nghim,mt m! h™ Si(Hinhslidb)

I ‘& Qtubl W&m sangtc h JJedhchuy cac hp pfn ma nnguatigisinh.

Ch JJs In” Stkhéng cht £ ng . fihan tach cach  ma 'm gna ddm Po toan

cac ¢p electron- |, trngcokifnt ng oxkih mkhh,g L' - [ithi nhiu

suHi xuc tac.

(a) *® Bi(NO3);.5H,0 + Khuay 12 gi&
ey
® KBr
9-03N4 BlOBr.’g-C3N4
(b) IEF IEF
_— —_—
fe=—1.2 1
Fem o128 , ee
‘ A
No=—046 Ec=0.54 i g : L € ¢
- i b ‘
Ep=0.84 “J 1 f H
Ey=1.50 h+ b '}';. H _
l.-
Ey=3.48 h' h* b’
g-C3Ny  BiOBr g-C3N; BiOBr g-C3Ny BiOBr
Trwére khi ghép Sau khi ghép Khi chiéu xa

Hinh1.21.( a) “Shghlp v~ ( Hchuywd h b Eichtheos h°™ S
¢, a composite BiOBr/gCsN4 [150].

Nhin chung, cacng d ng xdc tacquangd a trén gCsNa ch, yJlu td trung
vao pifn_ng phan hy cac cii6 nhjm va §n xudihydrogen Tuy nhi ° n,
vecngdng kh8&8c nh&D,utanin g thow héachnl ccac
hpclHhu ch ng” génlgphddg viexédmdachih "k€fiv _agod c
nganh cong nghp n £’mgbQiv@g trongnh n g nfam L &ypai ra, vic
cfithin ¢ &ecki ith ¢ nghim gilp chuyd g-CsN4 bi/h tinh t phong thi
nghimrathctin ngdngl *~ . nhg€ L i ckhoalhcsawsh.o a
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3

1632. ng d_ng | "m vdt 1|i LBs nQn cho Li
Vd li ug-CsNsv. i L “n "nh héa hc cao, cadhb tinh héa ly, quang fc
v " nliin ibd mang H nhiQitiQn n Lmgg ngtol. nt r on g cl @nin W i
hoa. Vichitrac|]p 2D t hphape, £:N2L &  x e ma m hkiung
carbon 't r ontg V liri-L ‘@othay th]b i d nguyén't nitrogen, bao gm céac
thin pHag ch a nguy@n't carbon va nitrogen lai héasKWe k h i’ ¢ di €hi u
V' o ntmCRMI2, °qtwedhi®©hmm mi ¢ hna c Bnode trong
LIBs [163], [144], [60] nh ¢ § ¢ Vu() d20sN4 v. i khung carbon gianitrogen
c6 thimttb rah L'int d¥ H ¢ao, hinh thanh cac khiiytd bQmHuva cac tam
hod  nlg t Xy ¥heyWdl g ¢ aelectron vaon lithium; (i) cBll trdc X p v i
di n tich @mHul n ¢ a cHEll nQv g-CsN4 lam gim hin * ngebirh dchg thatich
¢ a tidctrong qua trintste/x[varit ngh ¢ 0 ng kBugh tanion lithium.
Hhn a8 hindinga cac nguyén tnitrogentrong nthg tinh thAg-CsN4 cho
phép d danghinh thanHién ki m i khighépvivdliu t €hng hithAgch n't
hi ptr . Sunvacacamgs L « rgiminh Rag gCaN4 céd thwtlb thanh mt mthg
| @vch chuy ion hiu qu trong cidl " f gi[i polymer eh [112]. Theeo L -,
C:NaL - ng vai nthrtr d giréa &b trdciphanlp ¢ L §ol @&j s
tam pHn_ ng phong pha. Vic b sung gCsNsl “ m t bhimtgagimsc ctng
bQmHug alithium nong cly, ttbras ti/p xicwt lyt't  h_hH garnet so vi kim
lod lithium nguyén cil . Hé& mtinp LisN d " H i ‘LlcBinh thanhd ch
trén WmHuphan cach Li/garnet nhphln_ ng gi a lithium néng clfy va gCsNa,
do L - [tnttmgh chulii ion lithium v ngdtasshthh th” nh LI
lithium.
Nhém ¢ aLiu I bao céo QL 'in ¢ ¢ S/gCsN4 cho pin lithium/sulfur, mang
1G4 d u mgl n(14D76 mAh g1° 0,050 va duy tri cdng sl thuch nghch
md I, dong cad151]. Trong m t cdng trinh khac,mdm nghién cu ¢ aLi L' « ngt
h p thanh cong & |i' u lai ZGeQy/g-CsN4 LG cong sl thudh nghch 1370 mAh
g'l" 200 mA ¢'sau 140 chug&vafc = &e/x[tuy tv ila 950 mAh §'° 2000
mA g1 [67]. Trong nghién cu ¢ a Yinv "~ nd.nghip, SnSdcthg b! ngc hoa
neo trén cacdin nano gCsN4tf ngh pba g  p h ‘€h n g nhptvi $4ng[1144].
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Hiusidll ‘mih-a L §mg tid bdompositecSndy-CsN4 la do din tich
bQmMHLI. n, cung & thém nhiy tam hét  nlg , ‘tct rdigchupwi ¢ a electron
va ionLi* trong cac chu&s&e/x[. Quanirn g h h il natoC:Ns hodt | ng
nh<etlmpl m,thich ngvis t hdythWwichvalamdgmhbthin “nga't
v. hotb kIt ¢ a "HdcSnS

nWel thi' n tinh chd * i Hoa ca graphene, chh  ° k& & tinh graphene
b i g-CaN4 nh cHli tric phan.lp  t ‘©hmiga Utc dua® tdm nigy trong thi
gian qua. Cac tam Bb _ ng N trén Ein grapheneXh " Hib hi u_ng hip tr
mthh mEv, i g-CsNs, gitp dithi n L 8We @ etk L't 2 mhida. Chien va og s
L'« tr3npthvdIbli ygmaphceme rkengigiC:Nas bul'in
d u n gn hiai nang cao cho siéult’in (264 F §*° 0,4 A g% [20]. Graphene
I ‘& bih tinh bi g-C3N4 c6 nhiu tam hét  ny N va ] trn g .Ho bnt, céc
khuy/} td N be°n’ctrdonnggMTth6o hiuqud chos | ©u thudn
nghch ion Li*. Tuy nhién, cac tam &b , ng nay d b mHl hot tinh do graphene
k/1 t . Trong cong b ¢ anhémWang, \ |i' u composite €CsNs@graphen@xide
dthg kh ch a h th' ng mao q{in nh va mao qiin trung binh trén @mku[130].
Tr ong-ClNshot gllg nh€pgidfovo WH g t b sckifft graphene
vatbracaictamNHa ngdi d = o Li*.®noLittdrdang bhip ph b i
cac tam N h&t  ng trén gCsNs, t r o nigguyént Nns€ thu hat hai ion Li
gigpdithin L 8Wkhfn kn g _Ig@uIBstQu i cung, nhom tac §is d ng
KOH ttb ra cac | r ng trén Bh RGO L ‘& bdctach. Cac phan tich cha rag
g-CsN4@RGO dil triic 2D yi cac khe va hth' ng mao qfin | n, thuh i cho
vi ¢ thn thEl chidl il gili va khukh tanion Li*. Ngoai ra, &l tric X p cung ¢
cac kénh ¥h chuyw lién ¢ c, cho phép rat ndp khd'ng cach khikh tanion Li* va
electron. Vi tl] ~riid ¢ gCsNs@RGO thwhi n hdt | nl'g " nlthéa §i thi n, bao
g m cong stil thudh nghc h  cao "¢ hBEE/Xpt't th hni asdeRGO
baru. L

T r o n_qg rgk&@n cu vQud |i' u anode cho LIB:phomching t6i(GS.TS.
VoVin, "ng¥%®hc Quy INh hatys congb vQudliu tr ¢ n
MSz (M 1a kim lod chup t/p ) , t r oorlger I&i ghépW® g-CaNa Lo
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compositec chhoantt n hQi soryhdac &t L h i V.Ii MoSy,
chiing toi tth hanh ghép caddh nano MoSvaog-CsNabag ph€hng ph §j
L hnfng h nh p tiQh chHl thiourea vasodiummolybdate 550 °C trong moi
t T n@ khi N [119]. Kh[ n £ n g _llitBium ¢ arcomposite Mogg-CsNa4 L ‘&
khlo sat, chothf d u'mgy |l @Bthiumt cao va hiu stHichu k8" n "nh° 1C
V. i d u n gngthueh nghch 1204 mAh § trong 200 chu® Kipqun ™ y cl €
gili thich do vai tro ca gCsNan h €twa li uh tr I'Which. ngvis t hdy L
thwtich va ¢i thi n g h ¢ vah chuy B fich ¢ a nano Mo% Ngoai ra, g
CsNac | n gc chiBg t6i's d ng l1am cltdl nQh cho composite SnY-CsN4[123]
va hO/graphiteoxide/g-CsN4 [116]. Trong cac ¢ i u ndy, cac lih nano Sn@
trén gCsNs4 hay graphite oxide/lg-CaNs L ‘& @i ch]t tin (Il) chloride \a
mercapto acetic acihm ngun t § ¢ ‘nrhh, @@ liracva cung &b S. KJ}
qui cho thby cac composite Sny-CsN4 hay Sn@/graphiteoxide/g-CsNav, is h
tr g-CsNsLl « n ©n g . Gtkue thud@nghch va hiu sud s/t

T. nh ng phan tich trén co6 Whhdh thby vd |i u sulfide kim loY chuywi
ti/p o tinh chil  cl L § &l hiy ™ trong. ngdn g | “nmo c dnode cho
LIBs. MHukhac, b ' mh tr polymerhu c-GNsg rong composite
trdo quan trn g Weli thi n |, dg h ¢ ¢ a qua trinh chuyd B tich va gim s ¢
ctng cchdoh tthkich | li¢ avd li u " H ¢ c trong sUt chu k8 ste/xT.
Ngo i ra, c8§c¢ 2020khhtghEe I§mcg pfnoang gad his su
I'"in héa ca anode composite. Tuy nhién, cac céng trinh hay ch y/u td trung
bi/h tinh BRag cach dim kicht h &&h, kiwh soat hinh thai va ghép ivchdl nQn
carbon. Mb dii c6 nhQu €'t tromgi &l triiccompositekhi lai ghépgi a MS v, i
g-CsNan h €n ggrgincunaywhcondl 2t v ch@&ithcrhuy °n
hiusHl | Githiumvatiith L'incc. Do L -, ngkilmkijnmh h €
thif kjvd liu "H¢canodemicongsidi cao L-ng ‘vchos tr
phét trid LIBs th/]h ti/p theo.
1.7. Vd li" u composite MS/g-C3sNa (M = Sn, W)

Do s h unhiQ [ i th/JvQchl trictinh thw | HQh va tinh ctidl quang héa
I c L d®mposite MFg-CsNa (M = Sn, W)L « v " L ‘@ ang g ngr, ng rai

5
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trong nh | oo hn hv€ quang pintmButr i, thif b phatsangthi/t b c[m
bi/hvalamliu "H¢ canodeTrongnhng nt macgh€hng nph§gp
h p nanocompositéMS2/g-CaNa v, i nhiQu  h 3 n h thgmSiildL lklae bao
cao.

n Wi hinh, nhom nghién @ ¢ aZhanglfn fW'tiént ng K p tbin nano Sng
bdag phehngnhptvBgEC:NiRa g ph€©hng phhistp, nsga@n gl
chjttb cal trac d h p SnS/g-CaNs 1ol 2D/ 2D thing qua phe€t
siéu am, vi thih nano siéu ymg hinh JcgiacSngtli t heo ph<€hng ng.
“ng nano gCsN4 [155]. CHII tric nay c6 giao di ti/p xuc | n, thuch [ i cho vi ¢
vch chuyM "t tich, ¢ithi n L §Wwhgk tikh quang xuc taphan hy thu c
nhumhu ch v~ ph etho Ngodina,dihtgic chh@ SnS/g-CsNa co
thWwl ‘& fng hpbagp h*€hng p hiop, vt aaah nabo Sngl “eng
kihnh510 n‘mm Lp@ ©'m giQgtan mHbtbin nano gCaN4 [76].

Decomposed
products

Hinh 1.22.  C Aphlnh ng xuc tac quang ¢a composite Sn3g-C3N4 [19].
Trong nghién cu ¢ a Chen vaong s , ban d6 SnS/g-CsNs L ‘&t ng h p
thanh congB g p h €h g ap t€§pi t k thigy [19]. CHI tric composite
bao g m nh ng 5 nano Snsday 10 nm un ¢ o haph b€l p mng ¢
C3Na. Composite cha h th ng giao dint/pxtcm rng, gi Yamghik ng ¢
_nghiptr gi acac &t thanh pfn,t L - [ithi n hi u qu phan hy methyl
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orange(Hinh 1.22). \& Ii u SnS/g-CsN4 2 0 %~ d’t#} k/]t t, duy tri hét tinh
quang xUc tac cao salumlfn tai s d, ng. MHbkhéac, K} qul thi nghi m baug c t
do L'tarwmglycOHL - ng v ai  ngtrong ggéut@dnh phénri chi 6
nhi m methyl orange

Trongmtnghifncu ntm 201 %gs LYd mgth p &8l tiKic nano
SnS/g-CsNa, g m nh ng canh hoa SnSl ‘& phan tan trén caéih nano gCsNa
thédng qua fih trinhth, y nhi t K/} h p vi séng[144]. So v i anode Sngtinh khif,
'inc ccompositesh u du'mgxVv@&tri (444"1% maA hidng
100 FheauPOchu®vihiustdl Coul omb tr °n ®Oc 9 %.
SnS/g-CsNacome duy tm3g durfgigl €ao (38t8¢a8 v -
md &,  ng tn®hn8g0 0 v TH).KGaHn mA cly@iiladodin
tich lQmkHbl n ¢ a SNS/g-CsN4 cung & nhiQu tdm haét | niy, giat £ ng | i
chuyW electron va ion Litrongqua trinh Sc/xT.

nWkhdo phc | % i thgd va hint “@g gidn n thwich khi_ ng d ng
lam anode LIBs.ca SnS, Zu ongwghipl « p W8 tchip i’ ke i
ch/]chll tric composite babt t SNS/CN/GP v i nh. ngv[y nano Sngl. a n vao = i
khung Qh g-CsN4 (CN) X pvacachin  t h an d 3 H aao (grdphite plates,
GP)[163]. Vd Ili' u composite h u’ ¢ ehe€thsy hi u sui ste/x[ tuy t v i (536,5
mAhdgitd20Add L "n nhchukBvatri(mc duy trmigbdung
99,7% sau 400 chugxv ©~ L - naghig-ngglc | n(88,8% t c . Huét
1,0 mV $9. C§ ctb L't 2 mhvanli bd ¢ a nanocompsite SNS/CN/GPL ‘&
cho la nh hi pl cgi abactlt thanh pfn: (i) v[y m ng SnS cung & nhiQu
tamhdt  nlg, g i dJ/pkicwighbs ~fdi, (i) khung i g-CsNa X p co
di ntich @mHul n,n g £ b sckift SnS, ttb Qi ki nthuch [ i cho cac kénh
khwh tanion Li* va hinh thanh_ Ip " i ch ng gidin n thWtich va (i) GP o
I'“in cho phép & chuyw  ti tichhi u qu va nhanh chéng

n"iv ivdli u WS/g-CsNs, hom nghiéncuga Z e n Gu chijthanh i
congh compositeWS,/g-CsNsba g p h€hng p th§ phi t§149]. HOG© m
tinhgachixictacquan'eg WL€nh gi §MhtnhgphangyRhB A I'p h
lod b, RhB¢ a mdi 5%WS/g-CsNs L% gfn 100%saul gi L'iv. i,h%g s t ¢
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I, phIn. ng caoghp 2,6 IFn so v i g-C3Na tinh khi/J. Hi' u suHi xtic tac quang. @
c omp o€cdi¢hi nl' § n\4eh K/ 1a do s hinh thanh giao dn d thwgi, a
WS, va ¢-CsNa. Khi chifu xd4anh sang khiki/, cac electromuang sinfchuywi t
CBg agCsNssangCB ¢ aWS,, d gilmlf ¢ | taif h pg a dp electron va
| tr ng.

Trong  tomhanmg x%c t 8db hydrd@en, & IBe h n
composite 1TWS2/g-CsNs L ‘& @i ¢hJb3ag ti/h trinh nungt h n h p 20 mmol
thiourea and 0,6 mmol ammonium tetrathiotungstaie  C a 0 ng wghi p [11].
KJT qul cho thy va li' u composite c6 £ , Binh H la 10,08 mmol § h'?, cao
ghd 180 va 2,44fin so v i g-CsNa tinh khif va gCsNs ¢ -~ nd. xic tac Pt. Hé
t2nh quang " x¥%c ¢dgE8hich i doki/ip trdc éh pLLc L 8§ cac v
tHin nano vai | p phalT-WS; t[i trén lQmHug-CsNa c6 KT n £ nigh th hanh sang
mthh (t vangkh[ ki/h Wh vang hngngdl ), dbdal "Hit h hnd v@m m
hott . ny phong phth h Nh ng KT qul nay cho tiy WS, c6 thM ‘& xem la
chil “ nfy xdc tdc @n  n £ n g JJRt kdacgc kimh8l quy khac trong céng ngh
sin xudl hydrogert. n €.
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Hinh 1.23. (@) i nh SEM, (b)du n g° ng s&/x[ b nchuk8Lfu  0,1C
va(c)du n g nlg€ t rimroLi* L, a composite gCsNs@WS: [136].
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NEkm 2022,a nhu mjkeo thanh cong &l trac gC:N:@WS
g m cac Bt WS, ' ‘& bao ph xung quanh bi nh ng tih nano gCsNa, théng qua
k: thud dung méi nhit [136]( H3 n h  1n c2c3CN.@WE cung d3d nhiQu
tam pHn_n gW L€y iom Li* va th khdng gian thich nghivs t h a ythw
tich ¢ a Ht nano WS.  H han caaiin nano siéu rmg g-CsNa4 gitp Hh chihi n
t “@g K}t hdnano WS, t fprxdcvidhdl g, tt Qi ki nthuh [ i
cho vi ¢ vdh chuyd  H tiich va khiich tan ion Li. Do " ric c,compasite’s
hu dunng Xl ©(1136,1 mAh " 0, 1 C) , ° nd thadgnghichecao
(454,4 mAh &' sau 200 chu& 0, 2 C) “nv nb chiuBv @ tr i (433,8 mAh
g !sau 1000 chu8.
MH d % L Rrgb&o-caowQbua trinh’tng h p va tgn n £ mggl ng
¢ a composite M8g-Cs3Na( M = Sn, mMp,h €hm@hngthpsve li' o
L hnhgling nh<€c®@pljciitricwtliu Lngdngdavaot [l
cac &l t thanh pfinvd cfn  ‘lc®p t c nghién cu vaphattrd . TrQ@ing L
nay, chung toéti/h hanhl @u chjcompositeMS/g-C:NabTag t hao t 8c n
gilntr cti/p” phah, s adodatkifrkthng quang x.¥c |t€8ic tv
jion Li*tkhis d ngc o mp o s i tne c anode LIBs]



46

Ch€hng - €NGHI W
21.T ngh pvdliu

2. 1. 1. H-a c¢hmt
B[ng 2.1. Danh m ¢ héa clHi.

Hoéa cltil n, tinh khi/y Ngi' ng c

Thiourea((NH2)2CS) O 99 %  SigmaAldrich

Tin (1V) chloride(SnCk.2H0) O 99 Mer cke, T
Tungsticacid (H\WOx) O 99%  SigmaAldrich
Tungsten di sWWs) d- 99% SigmaAldrich
Rhodamire B (C2gH31CIN203) 99% Mer ck, r
Tert-butyl alcohol(C4H100) 99,5% Xilong, Trung Quc
Ammonium oxalate((NH4)2C204.H20) 99,9% Xilong, Trung Quc
Benzoquinor (CsH402) 98% Xilong, Trung Quc

2.1.2. D\ng cA, thi& bl
- LO nung, t sby, may khusf t , cAn phan tichmay ly tam ¢ ¢ s, ¢ i ma nég
giby nhom
-n ~ fAitée (220 Vi 60W), kinh 1 ¢ UV (2001 400 nm)
- Pipet(1,5,10 nL), ng L ®0BrgL), ¥ n mh i c (100, 500, 1000 mL) T al’
th y tinh, ¢ ¢ th y tinh (100, 250 mL)é
2.1.3. TYng hip vot | i Mu
2.1.3.1. T AgNsh" p vdt 1i u g
Cho 5 ganthioureavao ¢i ma ndgonghig mn.Sa u hbhmuvaoccs
cond dlvabck: bagnhiQul pgy nht m, ‘I560fCtongBg Vv i
t ¢ . Hia nhit 10°C phafl. Sau khi nung, a4 €lc Whgu i Jhlnhit  ghong
va nghiy mn [117]. Sn pi§n cédthg b t mau vang n#, ky hi u la CN.
2132T ng h”  p vdt |JdgCN,vasnBposite SnS
Trnhnh ppHn_ng gmtin (IV) chloride (1 gam)va thioureatheot [
kh'i °hg®n "kl&El:1, 1:3, 1:5, 1:71:25 1:30 va 1:35Cho hn h pvao ¢ i ma
ndo va ngifgh mn,s au Lwvaocéch os cé nh L. b ckin bragnhiQ !l p
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gibf nhém.Cac mé  ‘lcBung” 500 C trong3 gi , t/p JJL Whgu i t nhién
L/hnhi t | fhong va ngl@h mn [44]. Cac §n pi¥nt h u c kY4B u lASCNx (x
=1,3,5,7, 25, 30 va 35).

Vd liusnSs (ky hiu S NS9tng p bag cach nungnXi SCN7°
650°C, th igian2 gi trongm? i = ng khi®..
2133T ng h' p vdt WSIgCdl,vxWSmposi t e

Céac hn h ptiQy chl " m tungstic acid1 gam) va thiourea (1, 3,,8.0, 25,
30 va 35gam) " I& ®yhi m n trong ¢ i mA ndg chuy vao ccs c6 b di.
b ckin bagnhiQ | p giBf nhém Sa u , ddc M ‘le®ung 500°C trong3 gi
[117]. Cac §n pn  Lc&y hiulaWCN, tr omadg kR il “@ggi a
thioureavatungsticacid

Vd i uWS: (ky hi u WS )c f hge p blag cach nungnXu WCN5 *
650°C d @ dongkhi N2 trong2 gi .

Ngoai ra, U WSt h €hH igmaA |l dr | inhkhifl 9 9%)s L €
d ng lamvd i uhot | nl'g Wsd sanh vy hi u la comWs.
22.C8c ph€ehng ph&pglyv
2. 2.1. Ph_Kwrdgia»XRDp nhi
2211Nguy °n t dic

Ph€hng puhdtip XIh'@&is d ngph bi/h LWhghién cu chl tric
tinh thwg, avd li u.Nhi uxdtiaXd a tr ® & t €h n g_ atchim tiagivi
chll ric mthg tinh tAhWM tchiumtiaXs ong s o ndpc v ~ dsénbl n(nm3
L igua khephan 18, chify vaobQmism»u d @ goc t i g. Do tinh thAEO tinh clid
tuFn hoan, cac itinh thA&€ cach nhau nng khndn gQ LHEd,L - ng v ai tr
caccach t nhi u x4LHo bi t. Trong n¥hg tinh thy cac nguyén t hay ion co thv
phan b trén cac rhbph3ng song song, v nhau. Khi b kich thich b i chim tia X,
ching €tr thanh cac tam phat ra tiafphx4

Nguyén 86 clfhg¢ad ph€ehng ugdti&pdanhvy” " o phe€hng
Vulf - Bragg:

2dsig=nl,vinlabknhjuxi(n=1,2,3,..) (2.1)
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E

2212Th ¢ nghi m
Giln " XRD g acac mu ‘lc€ L o tux¥k]DaAdivance(hdng
BrukerAX S, c)wi ngphattiaXca Cu . csongd(®uKg = 1,5406 A,
L'in ap O kV, dong10 mA. Géc qué2 & 10L/n80°v it c | Huét P phat?,
goicmi _ bguétla@lovathigianmi _bd@étgi ©y. C8c cph®p
th ¢ hi ntd KhoaKhoah ¢ T nhiéntr “@gnUh cQuy Nhhn.
222, Ph_ _ ngvh@drig®i (IR)h
222. 1. Nguy °n t dc
Khichibmt ¢ h¥%m & i @.cBdngfnsrong vanghng ngdl qua
myu phan tich, mt phfn -~ n £ mg@b hbp@) 1am gim ‘cn@y, tidti. S hbd th
n"y t u@hludtLambert- Beer:
A = Ig(L/T) =Iglo/l = eiC (2.2)
Tron,Alaind | dquangT =1/loc| ~ triyQr quang (%)| la chiQu day
cuvete (cm), Clan n g, cbHiphan tich (mdlL), elah s higpth phant valo, |
lac™@ g, 8n h s & wagsautkhi l@kh mX,
Phant hpth n £ n gng K€ c hind a gngllAm gfm _ Ldai lién K}
gi a cac nguyén tva géc hod trt £ n[gn tunihoanCh' conhn g  d mgdaml
bi/h " ilmomen| €@gc ccalién KFm ixulihi ntin hiu i ng ngdd. M, i loY
d a gngltrong phan'thgy th * mttfn s x § cnh.Cé hai lod  d ag ¢ al
phant: () da o ndhodfrch't hay dailienkf m~ khigédcli@nhay
kifva (i)d a ongbipn dhgcht haygodlienki m~ kh¥ingdat hay
lién k1. PR h'ng ngdd 1a tdp h p cac van phbiwWi dins ph thuc | ttuyQ
quang ,eS86ng. bi®hdm chc hablienkicomttfns Lo t r¥®ng b
c § mh i th ¢ ¢ Ytrén ph A" ng ngdi.
2222.Th, ¢ nghi m
Ph K 'ng ngdl ° & dhi trén may IRffinity -1S (Shimazu) nhit , phong
trong ving 4004000 cmt v, i . fhan gfi 4 e Tr. € Kk hid litwo ,'lc&
nghiQh va ép vién vi KBr (1% kh i °~ hgeMX ‘lc€ lbdKhot Khoa he T
nhi °°m,gUimc€Quy Nhhn.



49

223. Ph_ _ng ph8ptph®@g (TIGAchgnhi Mt
2231Nguy°n t dc

TGAl © ph<€ehng pdhBip Iphi©Onl t2mht ¢ s. th
mXu nghi®°n ¢ u d€ i s, thay L i ¢, a nh
(v, i t c L, Lgiig.nMWNguty°khitrg holt L ng
r€e ¢ LHt trong gi § L. . Ban LFfu, con °
L'i Qu khiWn ttng dFn nhi " t L, . Trong kbh
thay L i kh i 1€ ng c.,a mXu. S bil/Jn t
nhdn v~° | €u | 4i trong b, nh, thi/t b’

2232Th. ¢ nghi m

KJqu T GAG LK #8n h th ng SETRAM LABSYSTG. Cac mu ‘lc€
Lo tr okhgng &hjtnngpit i h . ng700°C v it c  Bia nhit10°C
phat'td Khoa Héahe, Tr @ g Un cS€ WntHa N i.
224Ph_ _ ng hpYh 8Rpa npa n
2.24. 1. Nguy °n t dc

Ph Raman cunglgh thong tin Qchli trdc hébahc, pha, LW} h3nt
tinh tht!ng .§caaphén@Hrong k tthetnayw ma  “Lcehip x4
bi ch¥m §nhH ‘sc86 giththh n(ngda édum tia laser) trong ving t
ngod i kh[ ki/h (go) va chim anh sang tasixk hreg "¢ ©€quan s 8§t t he
vudng goc vi chim tiati. B c xdtiati t ©h nigndtvd IE u £b tan X
PEnlnlatan XiRay | e rmgch rHintB va cofn s gi'ng v itfns chum
tia { i (go). Tuy nhién, mt phfn nh tan X}drely/u c6 fn's khac sovitfns ¢ a
tiati(goxtgm t r gwlagfnE d a ongbhan't), g ilatan »*dRaman. \ich
0o - gm L ‘& g i 1a vi&h Stockes vath go + gm g i 1& vich pHn Stockes. Trong
ph Raman, c¢ hf¥s davrmpHamt () n h &lchchupdsoyi
tfn S chum tia ti (go). Cac wth Raman M th theo dp. Cac ¥ch Stokes chijn
eu J]jeolfn s they  h h nibsalba fu, ttong khi cac Ych pHn Stokes Y
h hn ° tgtkho®y phat hn ‘le)}@dfns cao hhn.  nTgh © ntac h €
ghildcacve h St ok éismit hehathe€ldcést h a ytfnls d €hn g .
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S dchchuyifns n h & Vvic€iladch chuyd Raman.
2242.Th, ¢ nghi m

PR Ramanc Lo 8 rlLdaRAMMR evolution confocal Raman
microscope/ ingu nlasereb & sng647lnmvdet ect orcl@iéhh L €
b initrogenl ng I Khoa Va Iy, tr’@ g Ync S @nHAMNI.
225. Ph_ _ng ph8p hi®n vi LiMn to qu®t
2251.Nguy °n t dic

SEM la mt oY kinh hd v nt &6itiwmtb ra[nh v i . han gfi cao
bagcach'sd ngmt ¢ h %mt th@auétirén @mbmX . Ch BemsE L |
t ©h n g, i ddgnguyén t n3n gfn hab t4 bQmHbmu sinh ra céc tin hu (b ¢
x9 ch a céac thong tin @nhinh[nh ¢ a QMHMXU va thanh pfn nguyén’t. Chum
t i antlli'‘ec tb rat cathode qua haj tquang €L & hit 1én m4. Khi
ch¥m bt &bvhdmy, tréenQmbm@ ph 8§t ra ‘m$§ ¢h ajh ¥am t
M i " rti phatX¥n "y  qruti]gid:fic vao pfn thu €bi/n ~ilthanh mt tin
hi u anh sang, tinhi “lc€huE hY L v™c pn@Qn x Iyt = Bang trén
m” n h®& R, ¢ho thsy hinh[nh bLQMHMXU nghién cu.
2252.Th. ¢ nghi’ m

MM¥s ‘lc€hphbikinhhwi Vv nt guéttrén masEM-JEOL-JSM
5410 LV (Nt B[n), v i . @ h - m@00m00 fn, tY phong thi nghim Vd Iy chki
rcb,tr @ g Y n cKhoahcT nhiéenndh c Qu c gia Ha Ni.
226 Ph_ _ng ph8p hi ©Gn vi Li Mn to truy
226 1.Nguy °n t dc

H

K: thudt d,EMg sch?¥@m Li n t c- nktng
mXu vdt rdn m ngkivh ts. WWntgUa §cnHt hblui
thw t, i h ' np€tdio val fmr°nimin hu8nh qua

hay ghi nhdn bknlgu £TEMs & yb ic/ht pwimdécQua c hi
mXu nghi°n ¢c.u nh€© h3nh dUmg, nkach Ltch-€
ra t. sY¥ng Nygddiragu Lé Tl mcg tpthé®n  t 2 }mchhMsviou  h
L'int truyQx g ughanlpfi cao (HRTEM). HR-TEMI® m, t chJ L, gr
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k2nh hiWn vi Li n t° truyQn qua, cho
| nmpguy°n t  troncg b bluK it #duEMtci-nH  t t V@hng
c h, yJJu | bitGhadbhgp Ipthi[trude contr aHRITEM do h
t 4o [nh pha CcHRTEMnhgo Qti Wm mMogohd, a tr°n r

pha, t_c | (daothoag iYoa rah®m’ tisa t R¥lg g
Khi ch%¥m Li n t° chi/Jju qua mXu s€& b" t
t&8n x4 ghi 1 49i tht'ng tin vQ cblu tr Yc,
sai L. nh, v’ C- L pho©n gi [i Li Wm L,
Vi ¢ giao thoa v, i ch¥m chi JJu th3ng g- (
2262.Th. ¢ nghi m

M1 ‘lc@han tan trong dung méihetnol , sau L- c¢ciho |

bag Cu. Hinh[nh TEM, HR-TEM va nhj u x4electron ving ¢hn | ¢ (Selected
area electron diffraction, SAED) ‘& ghi trén JEOL JEN2100F (Nhd B[n) v i
I'"in 4p 200 kV tU Khoa Hoéa hc va Khoa hc¢ n a n'on,g UTihr cE&Ewha
Womans, Han QLc.
2.27. Ph_ _ ndAnpgh gphg MehA v g d77 hR p ph)
2.27. 1. Nguy°n t dic

HEb ph k h 2° ntgh™@sed n gWEd t r @8 ginhtdig awd i’ u
mao qin  n h ftich mkHbriéng, thitich mao giinvaphan b k 2 ¢ h c mah €
quin. COHinhiu p h<€ehnigpplWeHp hr €mddi uemhoolin, nh€ng
ph bi/h  h RIn"3wlnhit hg ph - gifi hgd ph N2° 7 7 K .ng khi® htp
ph ( V) cbv@din ddshgthM 2 ¢ H1 T ¢l t r €n gharcttbo s
hip ph , ph thu c vao ap skican Bag P, nhit | T, bln chii¢ a khi va jn chdl
cawdliurd Viamt h¥nmbipy iéapsiicanfog. Khidpsti t Hng L
ap stiibdohda () , "ngta L o thwtighckhitgph " tacapsdl t €hng
"i(P/R) t h3 ct'hh® g enithip ph; k hi , iP/B gilvn din thi
nhch  “lc€’ Ih@ d.nhit gili hid ph . Trongthc ] il ivd li u mao qiin
trung ~m3gAnnhitbseph vaglihghbph kht ng tr %ngngnhau,
thBy m tvong khuy (hin "hgdr) HL t r €©n'g " ©li§o nlyiaoqynt


https://vi.wikipedia.org/wiki/Ch%E1%BA%A5t_r%E1%BA%AFn
https://vi.wikipedia.org/w/index.php?title=TEM&action=edit&redlink=1
https://vi.wikipedia.org/wiki/Bi%C3%AAn_%C4%91%E1%BB%99
https://vi.wikipedia.org/wiki/Giao_thoa
https://vi.wikipedia.org/wiki/T%C3%A1n_x%E1%BA%A1
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2272.Th. ¢ nghi m

Cacmdu ‘lc@d. t r¥@nnbit HEd ph - gili hgd ph Natrénh th ng
Tristar3030 system (Micromeritie§SA)° 77 K tU Vi n Héa hc, Vi n Hanlam
Khoa hcva CongnghVi tNam  Tcr &k hi  Buo ,'lc® § channkhong
150°C trong 6 gi.
228.Ph_ _ng hpthgpuapng Li Mn t o tia X ( XPS
2.28. 1. Nguy°n t dic

XPS |7 k: thudt ph®©n t2ch t2nh chblt
thuy/Jt vQ hii no. PRbH gXBBgth<€ ng L€ c d¥
ch bln, trYYng th8i h-a h ¢, trUng t h§gi

Khi chiJJu tia X v7'0 mXu vdt [ u, nh_n
nhon s& hblp th, ntng | € ng t. tia X v~
X ¢ gf®hsg _.ng v.i m t U€hgnght'|l ~chJn
Pl anck. Ntkng | € ng electron hblp th, L€
kh, i li°n kJt v.i bQ mHt vdt i u (v€

cho electron m t L ngg. Threton gl " bnahn | Lufdut KoH:
| € ng,g=XBE+KE. : h

Do L-, electron quamBB=HiKEn c®23)m ¢ nt

N/JJu trong qu8§ tr3nh Lo, ta gi. nguy °
X Lhn sdc) th3 ¢- thw t3m L€ ¢ BE. Do
nguy°n t |l © x8c L nh L i vV, m, i nguy
Lang t°n tY9i trong mXu th2 nghi m.
2282.Th. ¢ nghi m

Ph™ XPS L€ ¢ ghi tr°n ph’ kJ] ESCALa
ngu n tia X IuH#4866s decV)c., aNtAlg K € ng lii °n
Cls (2848 eV). n., phon @gBTlieVnki guétldEil e, Ic”
MXu L€ ¢ Lo tUi Khoa H-anHichve Ewba W
H n Qu’  c.
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229. Ph_ _ n g¢/phpnhe8kpulch thn b ngd i - ki ki (UV-VisDRS)
2.29. 1. Nguy °n t dc

Khi m t chum tiaséng chi/u vao m»u va i u rda ¢6 hai lod phln x4 x[y
ra: phn x4 gahng (speculareflectancelva ph[n x4 khwkh tan (diffuse reflection).
Phn xUg ‘€ h g quanlJh quatrinh ph[n x4 ¢ a dong tiat i vatia phln x4 cd
cing goc (n h € g ‘©hgh BN gUkhwth tan liénquanlyh dongtiat i phn x4
theo Hic[ m i h €1g.Ph phln xdkhwkh tan rfn” ving kH ki/h hay ving't
ngad con gila ph phln xUkhwkh tdnt ngod - kh[ ki/h (ph UV-vis DRS).
Khi dong tiaticéc™a g, léchipvaovd liuhgbth Li g tilap mmg
c -, daylax,yih s hgpth K;thic€ngl, |I¢ atialol & tinht h € mh
lud Lambert:

| = g (2.4)

Ntm 1931, Kubkkkd-@utprhd®hmlg g itla Bam
Kubelkai Munkn h€ s au:

K_@-RY

S 2R +(R,) (2.5)

Trong L ; KvaSlacach s LHotrahg chos hhbbth, vatanxUYtrén m t
Lhnv L dayc amX. R s€thayl’ i khi L, dayc amxuthayl i, gidtr Ry lagia
tr RLG '€ ckhil, daymXuthayl” i maR khong thayl i.

Ngoaira,s hhbth, anhséanglién quanlyh Eg, do ' -ph UV-vis DRS ¢6
thwdlng LWtinh toan Eq. Trong ph nay, L Wh u n gi. a phfn truy@ qua va hib
th, cao L ‘& xac 'nh. B€c sénga-(nm)tang ngv i LWh u nnaygilab
hip th, . Gia tr E (eV) tinh theoph@ng trinh Planck:

E, =¥: (26)

Khi L oV-ywsHDRS, Kl qu L o dn h'llcBao gm pc&bnge-va
h s phin xdRt h e pc bse Win.giatr Eqv. ik/pqul lah s phin xUR,
chang ta €n " il ragvas d ng ham Kubelka Mu n RAchiyd t s ph



54

thu ¢ R thanh F(R) theg. Gia tf Egva h s hbb th ¢ a ban & tinh theo
biW th ¢ (2.7):

(Chg)"= C(hg i Eq) (2.7)

V.ihlahags Plank, Clahgs t |, E,lan tgn * ng®ung chin vag
latfns d a onglgiatr s mi W thbbin chiic a qua trinh chuyd m c.

n"iv. ichuym ctr cti/p, n=1/2 haythg)? = C(hgi Eg);

n"iv ichuyWt m c gian tip, n = 2 haylhg)¥? = C(hg i Ey);

n"iv. ichuydm cb chhtr cti/p, n=23/2;

n"iv ichuyw m c b chh gian tip, n = 3.

MHbokhacA ~ U ~ F( RMth aligmh Bai FR) ¢ alehi ban
dtrctyp nhe€ sau:
[F(R)hg]> = C(hg i Eg) (2.8)

B €c ti/p theo 1a €’ th ham [F(R)lg]2theo ly. T. ph€hng 28 r 3 nh
thby ran g * tig®W di ns ph thu c ¢ a [F(R)lg]2vao lg!l " ° ni @3ng tuyh
tinh. Khi [F(R)lg]2=0thi E=hgnén K| ~ Whigip tr c hoanh g a °lhe
ti/ptuyhtd Wb d cnhidl  t r° ¢hnhgm [E(R)ly]?theo ly.  ° me&tHng tuyh
t 2 nh Mhumaoaa  lghcong nay évtr, ¢ hoanh, gid'trh o © n ‘h L \ith acb
chinhfa g n £ mygung ¢ E,.
2292.Th. ¢ nghi m

PR UV-vis D R S€ ¢'l'o trénmay GBC Instument2885b€ ¢ séng t 200
L'/ 800 m, tY KhoaKhoahcT nhiéenTr €gYhcQuy Nhhn.
2.210.Ph . ng pYuamg phatquang (PL)
2.210.1. Nguyén &b

Ph quangp8t gquang |~ m t ph€ehng phgp
traclLi " n t c¢c.a vdt | xYuec, @ahudtelt do
th2ch quanrigtt Tdh@goyéerlt,phant vaion) trthg t h8i
bin S hbgd th n £ n gng lpheton anh sang, tty ntnngg ldee b vd o h
chuywi Ién tthg thai kich thichcont n £ mgSd @80 i la di chuyM Ién
trthg thai kich thicleo thdi n ra d dang khi khéng c6 st h a yspitma ch cé


https://vi.wikipedia.org/wiki/Tr%E1%BA%A1ng_th%C3%A1i_k%C3%ADch_th%C3%ADch
https://vi.wikipedia.org/wiki/Spin
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s t haipyvOrit ngng.M€etrthgthdicomts mc n ' mgt @hengy i
c §c _chawhdb quay. ©1 S, cacBtcomc n L mgcad cBuw vQm ¢
ntngngth® h hatithgthai Svagli ph- ngn g Lidég b ced
nhit r a “md, gilatph &R i khéng b ¢ xU (vibrational relaxation). Tihg
thai S khong v,  detectrtnmau ch - mg mibreg | itd@g nhit
IWQtrth g t h§i k2 ch ngthiyl chhh nc, bTeRoywimay gillagl ch
chuy qua (intersystem crossing). C&¢hm ¢ n £ mg thi Bt ¢ a tithg
thai kich thich 8tr vQtrth g t hEiSvadii bph- ngn o Liddégg | €
photon anh sang, i " ngéhay gi la hudnh quang (fluorescence). Tihgian T n
td ¢ a electron giamc n t'mg SY T€kho[ng 10° 1Uh 1012giay., trthg
thai kich thich T, electronim tlfnna ph &8t nmt ¥R g @ hwt on L
vOm ¢ S, hi n * ingéhay gi la phat lan quanghosphorescence)
22102.Th, ¢ nghi m

MM ‘lc€ L o tlro° giwhwiang iHRS50 vi . lo $¥ngkich thich
laser 355 nmd PhongHiW v nt , Wil n Khoahc vd li' u, Vi’ n Han lamKhoa
h ¢ vaCong ngh Vi t Nam.
2.3.Khlo séat hat tinh quang x(c tac
2.3.1. Phon t2ch LNnh | _1 ng RhB

2.3.1. 1. Nguy°n t dic

20 553 nm

Mat do quang (Abs)

T T T T T T
400 500 600 700
Budc séng (nm)

Hinh 2.1. Ph UV-vis ¢ a dung dch RhB.


https://vi.wikipedia.org/wiki/Electron
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nWph©n 'nhcrdyg®hB, chingtdisdng ph€hng ph§p
quang trong ving anh sangliki/h  ( p h€hn qgchdhghpa g & §ch L o
ti/Jp Mm@ khéng s d ngthicth .Dungdc h Rh B _tcr denggét ph8V-
vi ¥k gcn hl, dséng ngvic c YbhEpth (emay) ,  clthhi n° Hinh 2.1.
Sau L-, ‘chig gbsBnhamxndytiptcxaydn g = tig@hug W
'n h° rig RhB.
231. 2. X©y d ng L€ ngRmBhuXn x8c L nh
B[ng22.S ph, thu, cgamd . tuangvaonn g, RhB (mglL).

N'ng L N'ng L
Md , duang Md  duang
RhB (mg/L) RhB (mg/L)
0,5 0,069 6,0 1,156
1,0 0,174 7,0 1,358
2,0 0,380 8,0 1,568
3,0 0,550 9,0 1,734
4,0 0,748 10,0 1,930
50 0,971

T. kJt qul n"y, L€ ng chuXn L« L€
2,0 A =0,19656C - 0,02467
R2 = 0,99961
<
o)) 1,5_
c
o
-
o
o 10
o
et
(-
= 0,54
0,0 T T T T T T T T T T
0 2 4 6 8 10

Nong dd C (mg/L)
Hinh 2.2. “méchun ‘n’h ° ng@hB.

c
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2.32. Kt o0 sét he t tinh quangxuc taccva vot li M

Ho tinh quangxtc tdc ca mdu vd liu  ‘lc© L' § n h t cgch 86 hm
th' ng théng qua gin_ ng phan hy cclimauRh B a&®.i iJa, a« 9L " n s’ i
220Vi60W ¢ - tkinahngl "bc tia UV. Trong nghi °n
th2 nghi m theo 0mg tcrhbith xnYack otE¥aml,v "Cod n
th°m tiJp 80 mL dung d ch Mo knhng ¢,
H.n h p L€ ¢ khubly LQu trfgi mByLk@ublki
t " Ht@n b3Jngghblp pblp ph_ gcihbit cnblt. xS/acu t
too | bBly 8 mitanR(B0BO véing/phat krongQlphdt)l o Yi b, r dn¥c
Phfn dung d ch tiJjn h”"nh Ikphiqugng LOW x !

G, gnhdshy ti JJp t_. c khubly tkinl~1 chilgu. L
m i gi , | blyyttomL R Bn Leumd d'kyehh ~cuha hv "
gian v~ n~ng 14C,ttCE€hgCe.tn@%»id g phe€hng phs§
trén may UMvis CE2011t Ynjax=553nml W x &c L nh nl Am C. |
2.33. Ko s § tAphtn ongextic tac quang

NnWL 8 n h[ndi $g@ akhioxygenh , a Jhaud tribh quang phan
h, y dung dch RhB, chdng téi cm va Ii u Yldli n 1& mé SCN30 va fih hanh cac
thinghim nh+€© sau: Cha REB®0 myll vabanoy 108 mL, sc
khiO2lientctrongl gi. Sau 2@mgval©wmchovaocc, h n h° p L €
khubly LQu tr°n m8y 5k hgulblyQut _k it rno nbg- nkgh ot["
LUt c©n b-gngl ih HigEpe ot sattiptheotih  h ™" nh, t €©hn
thi nghim L § n h &4 tinh duangxac tac ca vt I u° m, ¢ 2.32. Cha y trong
toan b th i gian chy hbd ph va chi sang, khi @ph[i duy tri sc liéntc W
Lfm bfo n'n g, khi trong dung '@ h & h&o hoa va vd hu héaln h * g€ a
qua trinh i ph [14]. Thi nghim chdy xdc tac trong khéng khi va khi coHwkhi
N2b«o h, acthnig” i rtheé ntgr °tn.

nWnghién cu[n h " thg@ a cac gc t do LU phln_ ng phan hy chil
mau RhB, chung téi thf k/Jthi nghi m bdbcac gct do nay.Cac tac nhandvg ¢
t dos dng t rQota gao Em benzoquinoe (BQ) dd tdb g ¢ anion
supepxide O T tert-butyl alcohol (TBA) kb g ¢ hydroxyl “OH va ammonium
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oxalate (AO)ddp tbl, tr ng . Thinghimbdigct do "¢t h " nh nh€

Sau khichomuvd i ufi  SIN30chdy hbgp ph trong bong'ti v, i th i gian

can Rag e ph - gili hbgd ph L « [dksht trén, tih hanh cho 2 mL dii babg ¢

t donng, IDmMvaocéc ngdungcch RhB. ctIl§ct tbedi/h L €

h“nh t®@hegtm® Lregntidtihho@andxa taiccavdliu L« tr 3 |

bay’ m ¢ 2.32.

24nH tr @nhga L i

2.4. 1. Quy tr3nh |l ap r8p pin c¥%%c 8o
Caclkb t r ‘@nhga ch id |i u trong ng ¢ ng lam anode ch&lBs

L& L&§nh gi § tr ° M cactao. M hith bdm in gl pg hnba k i

L'incc.Trongliiicc il (count er " ed cesosanhqrdferdncev

el ect r oldne Rag KinBoY lithium tinh khil} . "nm © lam vi ¢ (working

electrode) ‘& chjttb bl g p h ‘€h n g bup tsI6rry). @ thWvd i u hdt

I, ng (CN, SCNx, SNS, WCNy, WS va cewiS ) ° d’ki@b} tr n v i tAc nhan #h

I'“in (carbon black Ketjen 89%, SigmaAldrich) va chi ki dinh (polyvinylidene

difluoride, PVDF, Mwx 534000, Sigm&ldrich) theo mt t I khi ° hg€

75:15:10 trong dung méi-thethyl2-pyrrolidione (NMP 99,5%, SigmaAldrich)

ttbradh g b %nnghElvXil b %ephlt@ ° nnglmdg, kb thanh can,

L@chnh daylrag cvw@®h h " nh c8daygalpgb¥%n |~ 15

Sau LU"n,g ~ kg chian khéng 120 °C trong 24 gi L\WoU b, dung méi va

Lcl th r a mckdamblicdhh g L ¢ angkinh 10lm@. Khi ° hg€ a

vd i uhdt ngtrénmi " rcclam vic khdng 1,1 mg cm2

Vit liéu . . -
| hoatdong |\ 754510 Say chan khong . @
Carbon black (whwt/wt) Phi én 2.Dbuc 16 Pién cuc 'E?IF; 2'2 >
Ketjen Thém NMP 4 Cu ¢ =10 mm lam viéc
PVDF 10% |/ 10N & Nghién —
trong NMP S

Hinh 2.3. Quy trinh I dp pin clc ao.
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Sau L., c8&8c pi ncld¥ap troBgglove Rex KBr2har €
| “@g oxygenv ", ¥hl & kiwh s o §i0,5 d@p m)v.i chinhinh ban pin,
m it/]Jbdo bao'gm mt ‘Hdclamvic,mt m” n gaqsg th iy tinh, m t
Loa Ki miltohircn Is'om sl "N . dkiitp rap ban pin,
m ng ngidm 180 ¢ lch dRRMOMd ahnhpdung méigm
dimethyl carbonate (DMC) va ethylene carbonate (EC) [( thwtich 1:1)
(LBC3015BLD, MTI Corporation) Cacflb ~ o pi n ~ o Wénit Bhtl 6 ¢fi €
Ifmbfos thynthbh fi L achit dgifivaotoan bvd li u " H ¢ c. Quy
tinhidp pin ceABT8bEL K3 nh 2.

242. Ph®p Lo ph- rGglvamostadic cthargé dischame) h  (

LIBshod ngda t r ° /AL acnh cgilhiphongion lithium trong cac
L'incc.Mttrongnhng ph<€hng phEpntdyohLagd liSulah |
Lo nAgEnlit 2 c hvaphéng thichrtrong quatrinkh v ph - ngg t €l
ca piHn.t rp&cagfbaovaliBst heg | i ° Jin cag qua tinh phong
nb d, ng Lt o nide@ongttiph thucthigianghinkh v~ dngng |
I’ ‘& tinh toan.

Trong qua trinh phéngt, dong 4p.dng gila Cr at eg tinhit-@lung
|'"®@g gquya@i(atrdungnd €&k hi‘cph f. ceat ed | 7 |
|"@g L §nd  [phdng npthoan cimh ¢amtt]bao pinva'tl v idung
| @ g q e.WidetdCrate ag 1C 1a dongfn  §Whoati thanh qué trinh
phong(nth) trongthigian1gi. Thi'mg th®ng W &mthapni & h
d, ngngh®a@ 01 C, n g higuatrihh’'phéng ) kéo dai trong 10
gl . DOng i(A) dn &p cho qua trinh phérioth) ¢ a p i7 otini.B®g cong thc
2.9).

E! # OAOA—— (2.9)

Trongth c nghim ¢ a luh  § W, h nl[n o thdt ng , dong ap trong
quatrinh phong® d ., ng csgmé LUhhathgc™agl, d ., ng tr°n L
kh'i “hg@tliuhdt ng,imAdY) . Khi [ng didoting Rige
cobng th c (2.10).
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o1 J— (2.10)
4,5 0,05C
0,1C
0.2C
| 1C
4,0 i
S
235
-
3,0 |
2’5 T T T T T T
0 10 20 30 40 50 60

Thei gian (gio)
Hinh 2.4.n ©ng cong th]ph, thu, cth igian® cacmd L, dong khac nhau[62].
tc phongrkbthgh nh€e 0, 05C tw]dcO ,th@@cody¥Ec b

thjcothWy u a n °s. €acb thAnay thhi n - d u’mg ¢ alpi€do céac qua trinh
oxy hodi kh gawtliu Hi ho §, ngtyedamoa trinh chén cai va phdng
thichion Lif L i  k Tsmchww phacawtliu "Héc., cacmd L, dong cao,
th i gian phéng B  k h ! IAAjoarl'thanh quéinh chén va gi chén ion LT, i
IUhech mtphn  du'meg i@l €hotb phong thich do sphan ccl n ¢ a
pi Nn@ mi"y fol ngoph/hbmchy ungmcgla " itid c.
243. Ph®p Lo qu®t thA v, ng tutn ho’"n

Ph®p Ldjvoqaut®t hd" n, p@mmg t p WVJ§ug/h tipn ®t  t
(Linear sweep voltammetry, LSV) theo thgian va ghineh s t h & ydorly.,
I ©y dclkas t haythjtheothi gi @n x ®thed'tc , Huét (mV
sH.Kitguca ph®p Lthu c@do nhighy/ut: (i)t c . & aqua trinh
chuyd  d fich, (i) hdt . 'inhoacavdliu "H¢cva(i)tc  Huétca
ph®p Hod¥%MtLESRW gn lt€n'gng khdhg dng 8" mt b gRiét
thJL hn, nghoa IKhlosattEnlg By KirthgLdt /ML, vong quét
scquay HE;. Do L -, p hcgh iagfn pdarBvd phith@c rii | n vao
tc, 6 fuétca ph®p Lo.
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Ph®p Lo ,Owtti/bi phh§t Wi hi U kich thich, mt
thi/fb p ot e n tWaptis hiariay |&n h L' 'in hoa, thif b chuyw " ildong- th/]
'Wthu nhch dong tin hiuvamt  m8y g h g Whitvatlo k/jlgul. C Ve L €
tifhhanhda tr °n ph€hn g/}aiamth’ Hg@ongdsnig thgv'i  k
c § mhtihhiu n h @tUiinh 25theo mt qua trinh oxy hofikh L h n[n:g i

Ox + ne &% Red (2.11)

Trong L Yhgox@Pkod, Red lagig kh .

Khibab ful qu § t r 3 n hgbd Fulthtl]cd'éeh h (OGWR th]cao
h h nJJkli hnén chco tinhi u dong t L 'in (hay dong phi Faraday). Khifjh%
t i th/Jkh , qua trinh kh di n ra va tiéu th cac nhém oxy hoa trérQmH * n'di c.
Do L-, hs3 hdradienhrinmghdglmbQmt "wdcvadungad h nli
gili, kéo theo qua trinh ktiph tan. Dong khich tan hinh thanh tin'hi cathode va
t I thuch v i gradientnn g, . i thJquét lién tc gifm, n'n g, dthg oxy hoa
trén Qmkb "mdc clifmg vgi d, ng cfakhiong dfhgoxg d
hoadn h}, tinhiu ¢ atth épd'elh Un hn n ~ y ng vetonggeathodeic
vathcathode k. Sau L -, dm drgdo bia tndggiidof. Trgng qua
tr3ntkcldnge€qu®t armo dcd,n gadgwEddingganodepis va th]

anode EaC a qua trinh oxy hoa.

Dong

0 A Thoigian

[
" Thé

Hinh 2.5, M1 K hgichng CV& am tphln_ ngthudhnghic h L Fan g i

vis t ha'yth/theothi gi'athWi® trong h3@H L2nh

K
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n“ivimth L'in hoa theh nghch (tjvanng, ttu©n t heo pt
trinh Nernst va cac B dthg ¢ a né), dong i'tl thud v i cdhaicmfc L
quét] Y2 TinhclHl nFoy tlk ©€ng c bxy hoéi&kic khry chifkhwkh
tan, khac vi cac nhom Bpph L'incc, k hil thiach v iit ¢t guéf . M i

quanhn " y cthMin qua ph€hng Sévick nh Randl es
7

Q Tt @ 600 6— (2.12)
Tr ong L’ electron tHarm gissvao qua trinh, F fang S Faraday, A la
di ntichQmHb "idc, Clann g, dadhgoxyhod] latc  Huét R 1A
hags k h2 “hgl Tlangit tyt "ikaDlah s khwkh tan ca dchgoxy
hoa.
Ph®p Lo CV c h.ouichtlrg nghiértcn gac fi Li'imhodmi
d atrén haithéng's L - ‘ltdchtig hi§ ¢ #lai Epo va gia tr Ltb ham
dong (pdip . ivnicach L'in hoa thdh nghch, qua trinh chuyd H tich din
ra nhanh, sphln R'i gi athjva n n g, (liay dong) nhanh chéng, Vth/]|Ei) i
Epo.d > 35/n mV, gia tree 5 = 2.3RT/nF va nkh gia tr 5,9/n mV H 25 °C,va khéng
ph thu c vao tc , Huét. Vicac h L in hoa thdh nghchch asin pi¥n by,
ip,dipc= 1 va khong phthu c vao va Eg).
Tuy nhién, trong cac hL'in hoa thah nghch th c ] giatr et tng do
I'"in tr bEi by Uncompensated resistance)Bi a Hé¢clamvic v ngdi
so sanh. Cac hnay c6 tWwcho thy “Lhdecong CV thdh nghch® t ¢ | fuét
chdn n h ‘@ihthach bghch® t ¢ | tao. Vicach coLl'intr chuyd  t fich
cao (h ban thuh nghch, b khéng t ' thudh v i Y3, thjkh t h®eg ©m h hn
thjoxyh o §° ntgh @ €hnX /ishint n g agEv8 tinthiu ‘nth ° nhd €
t . Do Jlif-naydng§ dceyquan Q@ emhphtihpiih L'inhoa
¢, thwa nhu §unghiéncugca ph®p Lo.
244. Ph®p Lo tYng tre LiMn ho8 (EIS)
Trongmth L'in ho §n, catthabhgn c h2 n‘mcttbadbgm L |
n n g, chcnhém ox hodi kh , qua trinh chuyd * d tich, qué trinh chod kh |
t trong dung & h/h BQmHb " nd c va tr khang ¢a ctll i gili. Cac thanh
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phfn n ¢ K€ r'€ngmdbh nl it €hng ml €e8myg ,ligl’in
vacacthanhgim pha "k h'Empn tiJphdd song song. Do
EIS c6 thgilp ko sat nhng qua trinh chifi  n hcluywd  d tich, s chuywd
KW i va qua trinh khith tan. Cth EI'S cho ph®p rii§@ht rgi
kh&nag, diingd¥gamth L'in hoa.
TF khg§ndgl [hg®hacyi "mti, vAat Lid [ hg@uan sat
L ‘& trongmt h nlmitchiu v~ t ur@iud t Od . & noh *° gharly t r
¢ ah L'in hod mt xungkichthichccnh L& apdng. Kfqut hu ct K
I "in hoa 1a mt tin hi u ban tuyh tinh va lch pha so vi xung kich thich. Trong
k hi L ‘u o ,2maghli8upgthlh 3 nh s i nthéan ling siddtfn m
s khfo s §t. D o kich thich latr@t mam phi thu c th i gi an, nhe
trinh 2.13).
Et = Bosin(wt) (2.13)
Trong:lthWtYthE Whi Bl ~ b icamundtidlvawlatns
géc. Mi t €hngafins @éc Wpvafns daond () x®EDIL
ph€hng #r3nh (2.1
W= 2pf (2.14)
Trongmth tuy/htinh, tinhiu t hul cch- ptha "¢ f X &twdal L €
v o ph€ehn® tr3nh (2.1

It = loSinfwt + f) (2.15)
Vatr khangcatoanhcothiM hu clilegy ph€hng). t r3 nh (2
Z= E/l = Zoexp(if) = Zy(cosf + isinf) (2.16)

V.iZ E,lLwvaflfn “tl&r k h § n'gqthj id L dong, fn S gobc va
I 'chphagiaEval. Trk h&n'g HI€t r'€ndnhv " [lthphaf.
Khi xung h3nh’ chbWmnkrénctiit txh 2vé h xle®imh sih hu L
bW dintréntrc y thtthu cgie Tth LIL ss aj ockl cac frlr oe
E1 S’ clhattid ,~ th Lissajous la cach Wi dj n duy nhdl cho phép kfo sat
tr khang.
BiW di ntr k h § n’gc chiaghanh hai @i, pin th ¢ va plfn [o. Khi
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phfnthc ( ZO6fn[ov(Zm) PEEEW dintréntrc x Vv 'th tyh u dL €
Legi Tth Nyquist. Mi Wh it r thnNylg ui st ngt i@mhtgi tr
t hu cté ttn s khlo sat yi gia tr Zim am. Trén trc x, gia tr tr khang
L& bW dintheochufns t £ nfg. Tdk h § ng ¢ W g bisddjnt h
bimt vect dai|Zleatb Witrcxmt g - ccgfila go€pha. Mt
cach khac M din ki qutr k h § ng t h thnBpdeddipd bifh trong gii
K: thud. M t © th Bodetieuchrda t r °"rnth lbgarithmiEa | L'nph
thu ctfns v, llth phaphthu c#ns.
Trongthc U tr k h § ngc  LL®g céich ap nt xung th]l ° nn dci
lam vi ¢ va ghi nlah tin hiu dong. T haitinhiu n "y , vaZn SSIf ‘& tirh 6
t 0§ n” th hod.ICac thong strén ph t h u’ c B32g ¢ § ¢ imkung ]t
cac fn s khac nhau. Tronghb a nltic, p h ®p * dtifh hdh \8 m It ]
¢ U'nh.Cac kg qu n h€ntfidungdc h nlgili , ntf ichuy i fich va
L'intr Warburgcotid h U cbBxeg ph ®p ‘pth Glyguist ¢ $rig pHn
mQnchuyéndng t r'°cacmecth ¢ €hng ‘lp€hng ph¥% h
Trongthcnghimgaluh ancacflb ~ o pi n ~ cduét thjgrang L €
khofngt O, O 1/h ®0 M (so vi Li/Li*) _dmtl, d , n gnlad500 mA §
trén tim pin NAGANO BTS 2004H. Quét flvong tfn  h o “crth clhié trong
kholn g " nlti]0,05i3,0V (soyiLilLi)" t¢c B Q{uéto,I1mVsSLlivi "ni
c ¢ SCNx va trong khilm g " nltt¥]0,1i13,0 V (so vi Li/Li*) " t ¢ . Quét 0,05
mVsil'ivi ‘mdcWCNy. Ph EISga ¢ &cccliltel,o ¥vi°n L
dong thay tijlab a5 mV trén i tfn 0,0110°Hz . C8c ph'@thchim n "y
trén h th' ng Multi Autolab/M101, & Khoa Khoa hc va K thud Vd li u, “ ngr €
n4 h cHanyangHan Quc.



65

CHhu NG €3 QUKVA THiO LUxN

Nh€e tr3amehny 2, ‘oblm glc®7inu vd licu, bao
g m g-C3Na (CN), SnS (SNS), WS (WS) va cac composite_ gd gCsNa v, | SNS
(SCNx, x=1, 3,5, 7, 25, 30 va 35) va W®/CNy, y =1, 3, 5, 10, 25, 30 va 35).
Ngoaira, MU WSt h €h¥ g’ kred nglamd li' u hot | nl'g Wst sanh.
3.1nH trdé&hg v
3.1.1. Vot | pgMNscomposite SnS

CHI trac tinh ttWva thanh pfn pha ca cac ¢ li u (CN, SNS va céac
composite SCNx). ‘& K t r®gg p b €©hn gu x@tia & pa kK duli thw
hi n trong Hinh 3.1a.

= ® PO .
@[5 1§ egon, cn | (b) EEAITE
o NE Nk
® '
SCN35 <
]
3
e SCN30 T
,AN\.M_A‘_AAJ\,___*_‘ S
D
> i '
. SCN25 [ 2 ] N A AI
< ' I : ‘ E ; ; ) 3 i E
B e ; 7 N
e H : -NHdjvong by 10
SCN7 §8H1 --------- [t 's-triazine!
SNS -NH/-OH Sn-S
T T T T T

Cwoéng do (a.u.)

I I
SCN5 4000 3000 . 2000 , 1000
NM___ (c) S0 song (cm™')

| PDF#23-0677-SnS,

| || I
I I 1 l ] l || I ] l ) l ] T T T T T
10 20 30 40 50 60 70 80 200 400 600 100 300 500 700

26 (%) Nhigt 6 (°C)  Dich chuy&n Raman (cm™)
Hinh 3.1. (@) GI'n ™ IXRD va (b) ph IR ¢, a CN, SNS va SCNx
(x=1,3,5, 7, 25,30 va35). (c) TGAa CN, SNS, SCNx (x = 1, 3, 25, 30 va 35).
(d) Ph Raman ¢ a SNS va SCN3.
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Giln "IXRD caCNxHihin hai Hp etark€nlg p e'anky, d €
mthh® 27,2 phfnanhs x/Jpchngnhiu| pgah thngliéenhp t h htmeod
mHuph3ng (002), peak u td 13,2 ngvis shxpaitraictdbn ho~" n c 8§c
V tri-s-triazine[87]. "irv. i m@ SNS, Hi c[ cac peak nhu xdlHd t r@phg L
hpvi ¢ §mg nilwedchi ¢ apha tinh tberndtite 2T Ic | £t ng ( J P (
N0o.230677) . Ngo " i W himsh,gCsNs&hdng it &ikn trdhg gin = L
XRD ¢ a SNS cho tBy , tinh khi/} cao ¢a m¥ SnSt h u’ ¢ L ‘Qmay chng
t g-CsNatrong mdu SCN7 bphan hy hoan toan nhi t | rung 650°C. H th ng
cac tin hiu nhj u xdchinh ¢ca d hai pha tinh thivg-CaN4 va SnSLQui  °lc§uan
séat thyy trong cac composite SCNx va khong co pdakdo xuH hi n, ch ra rag
chll trac pha tinh thg a ching ¥ ‘Llc'@ nguyén sau khi lai ghép. Mikhac,
cac peak nhu x4Lks t r.®€phgSndt r ong c8c compbced® t € d
rng,chngt k2 chctinht®ca SCNxnhhhn _$8hSv n8ng c¢h?
peak chinh (002).@ gCsNs k h t n’'ge timh ¥y trong XRD ¢a mdé{ SCN1 va
SCN3c6 thMdo s che Bp m t phFn b i peak (100) ca SnSv ~  h " ny th €
¢. a gCsN4 trong cac mu nay.Nhin chung,_t k/ qu phan tich XRD, c6 tkJ}
luch raag composite SnR)-CsNs ' « ~ d.f@g R p thanh cong t hai pha tinh thv
g-CsNsvasSnSt ht ng qua ph<ehnlg phaed KT quUDXRD thi hn g
I & trong nghién cu nay hoan toan phti pvik/fqu L « b §o,.cc 8oyt r
[137].

Nh€ quam”KBD tgiong V3®iHnh Rldrong PH10c),

vd Ii' u composite SCNx (x = 1, 3, 5 va 7) chdsth x ung dc® chuyd peak

nhiu xdg a mbphing (001) Qg - ¢ Bdd hthin t r ong ch&m ¢ on
| “@ggCsNac ao h@naychathys gi a t fng cachlgila cac|p xen

k€ ¢ a mHbph3g (001) do hin “ hg&gli phong khi trong qué trinh phanyh

t hi our ea, bostadnlpl; acat rhbpngtinhthWHin "h€ t €hng
cl ngcbiozxdotrongnitaili ukhac[l63JDa tr°n pheh[@lg tr3
kho[ng cach mb(001) € 2 d ©=13,%; 42,69 11,9va 11,6t €hmgy i

SNS vaxSCN (x =1, 3, 5va fnl "1t 1&0,59; 0,65; 0,70; 0,75 va 0,76 A. §ia

t £ n glngkcéch d_ca mtbph3g (001)s€ttb Qi ki n thuch [ i cho vi ¢ vah
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chuyW céac ion L, nang cao hu sudl st/x[ ¢ a composite Sn)-CsNaso v i cac
chl t riéng I6(g-CsNava SnQ). Tuy n hQi ° h € hkhidipg th\uan sat thy
“cacmu v it I tiQy chl thiourea cao (x = 25, 364 35). Vi~ hg@EQ chHl
thiourea I n, s phan hu ttb khi dj n ra manh lit X/I' " ihg@ n khi thoat khi h
phin_ ng, & Jthi u gqu phan tach Ip gifm.

C8§ctb Mhiién K ¢cawdliu ‘lc®ho sat théng qua phiR. Trong
Hinh 3.1b, co tiMg u a n fys SWactihhiu® s sbn gkbll t r €ng cMho c §
trong gCsNa. T r o migthh t4 590 cmd c6 thM = d rag doi Ihg rocking
cacacEulienkKINiH t r ong  tdag&ice[98 e te peak ©g, L€
mthh trong khgng 12381640 cm'L ‘& g & n ¢ h ong o4 fcg adiénd} L
CiN va C=N d vong [24]. Cac peak 1147, 1236 va 1316 c¢mthu ¢ vQcfu i
NHi hotb nhom amine & hai va ek ba (GNHIC va ON(C)TC) t €hh&g t
chll tric melam hieb melon[88]. Ngoai ra, cac peak nh Wi hinh® 802 va 891
cmimotfdaongkinvakéoddnNH t r on g legtazind18). i My
th r ng" 3000 3300 cm! thu ¢ vQd a g nglhda ir NiH ¢ a cac nhom amino
n g €n khong hoan toan ho lién K} O H ¢ a cac phan tn & hgp ph bQmHy
[107]. Hmbit , c § ckb pter@rggN.d'Q xud hi n trong composite
SnS/g-CsNacho tisy vi ¢ L € alai §hepSyi g-CsNa khong lamlin h * i@l
tr¥%c polymer nigy,.daduhi th trang khdng L1680 1600
cmlt €hnig/ptadgn nh€ Mhaamg "¢ Hil | LAE&mM4U composite
SCN1 v~ QBndyScotih i d o ng §@Ng it K&Hb khéng co trong cac
m>u nay. Theo phIR trong viing s s6ng 10001800 cm? (Hinh P1b trong Ph
|.c) . ng€CN Jjlcomposite SCNx (x=1,3,5va7}jtigpth Lo t r.&€ng ¢
nhom C=N xut hi n chuywd dc h, , T ng th i cac di hbp th ¢ a nhom €N va
CiNHi C xudl hi n chuydd dc h  x a @ may contiMa do xtdihint €hng t §
gl a Sngva gCsN4. Khi L - m t phfn electron_t SnS chuyw sang ¢CsN4 lam
ttnd ilhhglel ectrXhliénfpgagliNs I Do , dailign L
ki C=N t ¥in/y.cat peak Kidth lién quan dch chuy vQvung fn s
thgp hhn, tr dprCoN ngdhlH gal ia s o chkchuyw sang vangfn s
cao [40h nirv. i SNS, tin hiu peak I th xuH hi n* 552 cmi't ©h mgy
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Vi dagholl t r €ngSh B.iTdymhiék, tin hiu nay khéng tim thy trong
ph IR ¢ a composite, cé IMa do b che Bb hoan toan b van r ng t4 590 cm?
¢ a gCsN4 [76]. Ngoai ra, peak g th td 2300 cm? trong SCNx thuc vQdao
L, ng héatrbHl ik ngg¢a CQ hhb ph vd ly trong khong kh[3], [129].

K: thud T GAthlc® n W §nh  bQrhit€acacwli uSNS,
CN, SCNx (x = 1, 3, 25, 30 va 35)kqu mé f trong Hinh 3.&. " irv. i tHic[ cac
mXu, qua trinh rilitr n g " g @ te hi a t h 'cn hc hieani hhbfdEiéna |
“nhit  4@150°C, | i °J/ins dwaayn hihhg ph €t ly trén QmHy
vad li u . G thah hal'xgy ra trong khfng nhit | ®50/600°C t ‘€ hgwg
qua trinh oxy héa Sa$hanh Sn@va s phan hy nhit ¢ a gCsN4 [16]. Hbi t,
khéng c6 s mHitr n g *ng*©nhit  té&n 550°C “Lv. i c[ hai m¥ SNS va
composite SCNx cmgt SnS L « ~ dcleuyd " ilhoan toan thanh SnOD a vao
Klgur TGA, Hiam t €hgagsSngtrong SNS, SCN1, SCN3, SCN25,
SCN30 v~ °3%@r38n il €t 18298,93; 94,80: 63,16; 43,04: 18,43 va
13,34%. K} quf nay cho thy raag h “mg ShS&@ilm k hi Qu &l g
thiourea (ngun cung & g-C3Na) trong v i u f ng h p.

S hinhthanhlienRgawdliu SNS v 7  cS& mbh thié@ nh
phan tich ph Raman, trinh bay trong Hinh 3.1d. Pha fiac ca Sn$ xuHi hi n
hai pte atkr @®n gt: m ipeak gthhb B11 cmi't €hmgyvi d a@
ngoai ntbphing (Awg) va m t peak ti 205 cmi! thu ¢ vQd a ¢ ng khong suy h
(Eg) [92]. "inv. i composite SCN3, ba peak mt4 515,8; 566,5 va 636,4 ¢m
I ‘& gan cho cacéh g d apth [(breathing mode) @ d vong tris-triazine
trong gCsN4 [94]. Ngoai ra, tin hiu  d ang ¢ d.SnS trong M4 SCN3 thwhi n
s dch chuy xanh so vi m¥1 S N Su nayncd tiMa do[n h * hg@ a cac
t €©h n gOMtLEi @ hai ban #n.

ntb Vihhinhthdicacacd i ul ‘& HL t r @NSEM ba TEMn h €
trinh baytrong Hinh 3.2Theo Hinh 3.2a, s SCN1gm cacBh n a n odag -
70 nm, chotBy L[graRin " ngeoc tach nBe avd i u SNS. iy i mXu
SCN3 (Hinh 3.2b), cadih nano &hg [y ‘lchan tan hoan toan trongting
| @X p gCaNa.

L
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120 nm o

\}-’

\W&” 1 500 nm

Hinh 3.2.4 nh SEM va HR-TEM c, a (a, d) SCN1, (b, €) SCN3 va (c, f) SNS.
4nh TEM (g) va anh xdnguyén f (go) Sn, (@) S, (¢) N.

S gi[m | lday ¢ a tai nano SCN3 xung 20 nm minh chng cho kifn £ n g
boctachlpft h hn k hi’ ng thiouga ttorigim hip @€ chil S phan
t §'nn glQu kK a cac Bih nano Snstrén chil nQh g-CsN4 trong composite khong
chgi “up ‘tnghképhvwh €hupd v~ p h Gntichtq8anghsint ga cac
chiiban g, maconfithi nkhfn £ ng  hgw2i s h h & ythWich | n trong
qua trinh 8c/X[. S c6 mtubg a gCaNan h € twvat li u h tr gilp cac B nano
SnSphantantt tr ong ¢ o mp ondichtt@ibriehg cra ban n Ty d i
nhién,[nh SEM ca mX SNS hivi th cacin  n a n odaggim LL §\Wg KTk
t (Hinh 3.2¢c). Hin " gk}t c6 thAeln tf qua trinh xam ndp gachll i i
gifivaddi t r wcc dlbi pha v khi chu bih dthg thwtich | n trong céc chu
k8 chén/gli chén lithium.

n ko bi t, theo phan tich BET va BJH trong Hinh P1qPt | c), vd i u
SNS°d @idhblgcach I8l b g-CaNat m¥u SCN7 & 650°C b Kt v, i
L, x" pvadintich @QmHuthgd h h ni camposite SCN1 va SCN3, Ghwdi n
tich blQmHuriéng ¢ a SNS chla 37,26 M g'* trong khi ¢ a SCN3 1a 69,69 fg'?
va SCN1 12 6,16 Ag' ! (B[ng 3.1). \& li' u SCN3 hin th cHll tric mao gpn trung
binh vivong tr L\M hinh ca °lh<@® 3nd.nhit ht ph - gili hgd ph N2, cing
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V. i _ fthan b hG trong khdng 105 0 n m’.c I[YNcgc@u SNS va SCNid
trung trong khén g . id €1 0 n may, colposte SCN3 v di n tich QmHy
riéeng | n v "X pkao thah [ i cho qué trinh &h chuy ion Li* va electron, #h
Uh t Emag, nglechcgapin ng | @un tichrgcawd li u composite.
Ngoai ra, kih tric phan b’ n g Qi BnS trén khung @ gCaNac | nlgthi o s
ti/p xdc giaodin "H¢c/chdl rgilivam r ngkhénggiantmg np€ |
U'mgilmbipdchgdil  t r Yac ~ idhd\tich géyarg trotig quéa trinh phongim
Blng 3.1. Din tch bQmkuriéng v: k¢ h _tch € p trung b3nh ¢ a cac mdu vt |i” u
t phéan tch BET v' BJH.

Di’ n tich @@mHuriéng BET

MXu ] n ©ng kinh ] x p trung binh (nm)
(m?g')

SCNL 6,16 14,62

SCN3 69,69 36,56

SNS 37,26 21,15

Trong[nh HRTEM (Hinh 3.2df)cca S NS, SCN1 vV hgvi@CN3,
mthg tinh thWg a mHy ph3ng (001) xddl hi n > v, i kho[ng cach gia cac |p
(doo) Ifn It 1880,59; 0,63 va 0,71 nm, $n 1, ng doon) G @ SCN3 so vi SCN1
| ©  dng | A k& sinh ra trong qué trinh phanytthiourea, lAmsgi a t tng b

troc va gidn n cac tih nano SN N- i ¢ § ¢ h’ n§ iQ8otH thiduréeam | €
L ‘& thtmvaoco W "~ m t_k n d¢&hrhp va m r, ng khdng cach gia cac
tthnanoSns Nh€ t r oRlgl. cHéotmyleaP3CN7 | = 0,75 n

nhiQ@soyicacmuvdliu kh§gc. cDd tlfng, céklhgm & | p (001)
casSnStrongwliu ¢ o mp«wtid ratcéc kdhhah chuyM ion Li* thuch [ |
hhnl -¥L nhaghcpin ng nlcic. Qv * L ©ymHb du SNS

L einghpt SCN7TBag ph€hng’ 0°€ pNoHhy g-GNs, nh€ng
kho[ng cach rabph3ng (001) Hkhéng | n  n h€ S GBMm)(gn ) igiatr

khol'ng cach ly thuf ¢ a SnS. S thu hg khdng cach d_ca muph3pg (001) cé

thW i ° n Jphi a n hg&o rat cackim SnS khi lod b, khung h tr g-CsN..

Cac hinh[nh anh % nguyént trong Hinh 329:-gs I « _ rg minh Rag cac B

nano Sngphan tan'tt trong nth g . ik ©gCsNs, cac nguyéntS, Sn "¢~ N
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phan b I’ ng ntHlitrong composite.

Phgquangt i a X {cPdSn g Wkl cnh tithg thai oxy hoa
bQmHuva thanh pfn héahcgacacdliu. Phon f étodhi XtBS L€
mx Ui n CN, SNS va SCNx (x = 1, 3 va 30)}kqu™ mé { trong Hinh 3.3.

(a)C1s N=CNg N CN
- ~ graphitic

C=C C=N ‘\Lﬂ

-

SNS SNS

- e D e
SRR S Uy

T
<

Cwdng do (a.u.)
Cuwdng do (a.u)

Cworng do (a.u.)
Cworng do (a.u.)

¥ 2 B4 286 2 200 292 M5 400 405 156 160 6 168 w4 4%
Nang lugng lign két (eV) Nang lwong lién két (eV) Ning legmg lién ket (eV) Ning lwgng lign két (eV)

Hinh 3.3. Ph XPS (a) C1s va (b) N1s,.a CN, SNS, SCNx (x = 1, 3 va 30).
PH XPS (c) S2p va (d) Sn3d.@ SNS, SCN3 va SCN30.

PR C1s  cphan §fi cao (Hinh 3.3a).a C N c tha& tach thanh ba
peak thanhpgin HL t r ©€ng c karbomeg g@:NsnThanh phn fltién
c- nimgdiéenk}e 2 8 4 ,° 5 quyg dholi@én®] C=C ¢ a dil trdc graphi,
thanh pfinth hai° 28 6, 2 e V Jh liért kit CaNwathanhpfn cu i cung
288, 0 e Ygvti€sk¥o g N=Q N trong vong trs-triazine[53]. Trong khi
L., bal pk&ak, &; 399, 9 ngVipyidnic-N2pyrelieN va€h n g
graphiticN/N cfu ni " & 8n ths} trong ph XPS Nis (Hinh 3.3bj73]. * ny
thi,tinhiugahthng c¢c8c pe aldhimitrgng ghlChsgva Nl ca
mXs SCN1, SCN3 va SCN30 minh_ahg cho s ' n t4 g-CaN4 trong v Ii u
composi tkl., Ngh€ ng ° ¢aaatn his By trolig@u SNS, cho
thby thanh pfin gCsNa L « U b choantoanrakhicel t r uc SCN7. n§
khi them Sng _ dailienk] C=C t Lt nWchingmns 4 & a g tokimhg L
graphie ¢ a gCsNa trong composite. @mtbly thuy/l, hiu_ng lien Aip ‘a ¢
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C=N do xen ph cac orbital lai hdéa nguyén € va N trong gCsN4 khéng thuth | i
chos vch chuy e | e cQ nay nd. tv'n'& khds ph ¢ bRag cach b sung
thém C=C[22], [134]. Ngoaira, phN1schrariags L - n g . g gragphitieN/N
cfu n i, NV (C)s trong composite tgh h hn t Hion3g mdNha dli tric
L'int ¢ a céac tkhg thai N khac nhau.

R N
NF ‘r\ N/j\‘r\
V)\-\\/L‘l\ N)\\')\V\ %
B e ¥ o Xed
\;‘.'\d'\\" e \ K v
gu \® \ z

Mit bén Mit trén
Hinh 3.4. S lai hoa ¢ a cac nguyén't N va dsli trac lién h p
¢ a L htn-stvazine.

Nh€ H3 ntpel’troatdoc” ¢ Rltrongmtbphng v, ngat hhn
pyridinic-N lai héa spva dp electron t do ¢ a orbital p ng v i pyrrolic-N lai héa
sp? 1am cho vic hip ph céc ion Li di nra thuh [ i H26In[74]. Tr ong Kkhi
cace | e c t_ragraphitieN @ thwphln_ ng bl thudh nghch v i cac ion Li d
Lhmil d u'mg chudBLfu tién[122]. Ngoaira, Ic XL t omdi a df
electron t do trén orbital pc a N duni v'™ c¢c8cctinea € vadNn L
trong ¢ fietridzihengaywa sco I lien K e | e (134} Moncach
khac, vicgim[n h “hg€a c¢ § ¢ ngtti@®iacc Ay tb Qi ki n thuch [ |
gi 4ap c §c e We calg tr dotrong toao broHyphng 2D, i thi n hi u
qufvehchupdd "Hi t 2 ch. cdiim KL *’m gl @b,bit A graphiticN c6
thW ~ m t [Ennbon ghmigihcun wngh d " Hhoacavd i uhdt | ng.

PR XPS S2p tr on g tadhthanh haBpedk &2pi €2p2 ng
V.i nt mgliénkBEfn °1&@161,9 va 163,1 eV gan chéhg thai oxy hoa2
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caS[156]. Tr ong ~KRSiSn3d (Hinh 33H) bao m hai peak thanh gh
“nt ngnglié®k} 486,8eV (Sn3d) va 494,8 eV (Sn3g) HI t r€ng cho
ion Srf* ¢ a SNS[51]. Q@ tha v 1a xudl hi n dch chuyd | trong ph Sn3d va
S2p ¢a SCN3 va SCN30 sq ¥SNS, cho thy electron di chuwt gi a gCsN4 va
SnS théng qua lién R gi acaclp, nh L - | mm ng.inny liéh kg ¢ a cac
orbital Sn3d va S2jp49]. Q@ nay gép pin  t £ mgy . ndiBc ¢ a cac phn
ng nlih-a v ptic®trongtti)stdnh xat tac quang.

Tom 14 , b8 ct rle€l g cho thy composite Sngg-CaNs L « ¢ €
fnghpthanhcong®a g ph<€hng pth §p'€phauch. § cannmtbg
CsN4 trong composite t | thgp | * m g i [ag céch gigcadklp tnh thV
SnS. Co mp o s'ictéei nttidh tQmitbrdng ) n v X p Eao theh [ i cho
qua trinh vh chuyd cac Kt ma mgiichlGac R qu't hu ct @h IR,
Raman va XPS cig minh s hinh thanh giao din d thWgi a hai pha thanh gh
(SNS, gC3Ng) v ~° t €mh @i at §cch nig trong ¢lotndp os i t
I c L &oxtliculai SnS/g-CNsacétiQn n &, ngondgvic t £ o chai
qua trinh xuc tac quang v@i¢hi ntinh chdl " Rhdacavdliu L hn.
3.1.2. Vot | Jdgi@sNs composite WS

Thanh phin pha cag acac md vd li u WS, CN, coraWsS va WCNy (y =
3,5,25va30) & H t regifg ~ KRD, K} qu L ‘& trinh bay trong Hinh
3.5aGiln ¥ XRD ¢ a wd li u CN hd th hai peak pfn x{i° 2d= 27,2 ( ¢ r®
I mthh)va 2= 13,2 ( creg, yilu ) t _@dpwnigntbphirg (002) va (100)
G a g¢CsN4 [87]. “inv. i m¥u WS, XRD thwhi n ba peak chinh the vQcéac ntb
ph3ng (002), (100) va (110¥t2d = 13,6; 33,2 va 590 CA4c tin hiu nay hoan toan
phi h p v i pha tiéu chdh ¢ a WS (JPCDS No.08237), xac ndh riag WS ¢o
chHl tric tinh tW, ¢ gidc (nhém khéng gian P63/mmc). Sa v hganhhj u xdtiéu
chu{n, v tri peak pfin x4(002) ¢ a WS dch chuyw nhGsang goc @thgh  h hn, ¢ h
thy s m r ng khdng céch_|p trong cachin nano W$S[15]. Hubi t, khdng tim
thby peak plin xdnao ¢ a pha gCsN4 trong gin =~ KRD WS, xac minh vic lod
b hoan toan gCsN4 kh i WCNS5 sau khi nung 650°C.
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Hinh 3.5. (@) GI'n ™ IXRD ¢_a CN, WS, comWS va cac composite WCNy
(y = 3, 5, 25 va 30). (b) PhIR ¢, a CN, WS va SCNx (x = 1, 3, 5, 10, 25, 30 va 35).
(c) Giln ¥ MGA ¢, a CN, WS va WCNy (y = 1, 5 va 25).
KItqur XRDga c8c compoesxemn&s WO hdigln ™ L

XRD ¢ a WS va CN, tihi n h th ng cac peak chinh a d hai pha gCsN4 va
WS congtntd . Tuy nhoi °tnr,€npyehBpkh(@2) pa pha WS 2d
=13,8dan g n K Brong Hinh P3 (Phl, ¢ ) i vLi mX1 WCN5, quan sét
thby s dch chuww peak nay @géc 2fthep h hn (6, 84&) cmamlmdang t
mHuphg (002) ca pha WS No6i cach khac, shindingawtliuh tr g
CNaL « t Emggn cc @dc tach Ip trong tinh tWWS,. Nhch “nh nay phu
hpvi c8c b&o [ldBIB3]Dra€tr °n pheh@gkhdng3 nh
cach d ca mtbphn g ( 0'@c2 )einh & ~1,3 nmNgo " i ~ me ,peak €
(002) cagCNat . ng | °n I kiii ° hig@€hiougea ¢6 trong, m K p tig
chti. N-i cS8rcchplelm&c ,(00€) t £ nggCiNftrongkthi h”

iu composite tktng.
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Hinh 3.5btrinh bayph IR ¢ aWS, CN vawCNy (y =1, 3, 5, 10, 25, 30 va
35) trorg vung S séng 4004000 cm'. Trong ph IR ¢ a CN quan séat #y cac
peak g th LHb  t x& nkgh chll trdc carbon nitridékiW graphiteg, a g-CsNa.
n“iv.iWS phi | R g hcitrong ¥&ng s séng 400600 cm! (Hinh P4atrong
Ph | c) xac nkth s ¢ mHug alién ki Wi S trong pha Wsthéng qua s xuH

hi n ¢ a haipeakhbp th, © 422 va 448 ci [106], [121]. Ph IR ¢ acac composite
WCNy bao gm tHl c[ cacpeaklHb  t r_€d bai pha §CsNsva WS. nHo bi t,
peakhbb th L\ hinh ca céac lién K Wi S trongcompositeWCN5 (Hinh P4a
trongPh | c) dch chuyM vQphias s - ng c a4®8 cnmhthay vi 448 crit

(trong W9 céH ttWWa Kl gu't €hn g &gt ahhaithanh pfin WS, va g-CsN4
[117], [149].
Tinhcilinhitcawliul @& kho s8t thing qua ph-€
trongm?! i ° ngkhéhg khi yit ¢ . Bia nhit la 10°C phat?, trinh bay trong
Hinh 3.5c n€ ng congTGA ¢ avd li uWS, CN vaWCNy (y =1, 5 va 2% cho
thby tHi c[ cac mé QLtli g u a . chyidmi tr nbg€ rg:@) t nhit  thong
L/ ~150°C va (i) t ~350°C LUp650°C.Gi a Ehthi mhiidos bay hé&i n€
hip ph vd ly. Gi a Fh candl 1a do qua trinh oxynéa WS thanh WQ trong WS
vas phan hy g-CsNs ¢ a CN[6],[135],[36]. D atrén Ky qu T GA, higm | €
WS trongcacm composi te WCN1, ~WDINGanfn "tMEC N2 5
79,64 38,27val5,61%.
nWkac nith thém Hn chil ¢ a céac lién K héa hc trong v Ii u f ng h p,
phon t 2 c hctiaanatén @€dldi n WCN5. HinhP4b(Ph |, ¢) hivd
th hai peak rehh* 3506 va 4140 cnilt ‘©h m@y i cac mode dadi ng Elzg va
A1g G a ddl tric phan, Ip trongWS; [5]. Ngoai ra, capeaklHs t r ©ng ngho d
héa tr L' i x ng trong ntbphng d vong tristriazine vamo d e  cga dl
vong CN t chl tric graphié ¢ a gC3Na L ‘& tim thBy ° 5158; 5746 va 6970
cm 1 [50], x4c nkch thém s hi n di n ¢ a d” hai phawS; va gCsN4 trong WCNS5.
nWso sanh, phRaman ca comWS ¢ | ncqighién& u, ch ra rRag composite
cés dchchuy thgp  h hinchliso vi WS, tinh khil.  Qa may c6 thMa do
t €hng 1 &gcadgCsNava WS trong WCNS5.
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Hinhthdicacacwliu ‘lca t r®ggph€hng ph&p SE|
k/T qul L ‘& trinh bay Hinh 3.6.

Hinh 3.6.4dnh SEM ¢ a (a) WCNS5, (b) WS va (c) com\S.
4nh HR-TEM c, a (d, eva f) WCNS5, (g) WS.

Hinh 3.6a mofi[nh SEM ca WCN5gmcackh nano nh<€nc8&nh
cong. MU WS khong c6 dil nQv g-CsN4 bao g m céc Ein nano WS x/p ch ng
nhiQi | p (Hinh 3.6b). So M WS ch ch a WS (Hinh 3.6b) va CN chch a g
C3Na (Hinh P5a trondPh |, ¢), cAc B nano WSt r o ng  WE ghp vaio@l
trac dhg iy gCsNa L «  k ht n'g °ongedp chrig Ién nhau, h ™ m ng €
chil nQv g¢-CsN4 cao, mu WCN25 Hinh P5b trongPh | c) xudi hi n | p xXp
ch'ng ¢ a ¢CsN4 ph 1&n céc h nano WS M comWS (Hinh 3.6¢) xHil hi n
dchgphih c¢d "Iy ~0, 8 Oumh.n K2 ¢bhdkekhéhg thth [ i cho
s khwgh tan ion lithium trong cac ph._ n g ~nlhéa.

inh HRTEM ¢ a WCNS5 c6 &l tric dhg chim gm cac Bin nano WS it
| ptrongpm v i k &20R 00 h & oghdp@ phan bLQi trén toan b bQ
mHug a cHl nQh g-CsNs (Hinh 3.6df ) . Tr ong Bk hano WS-co xuc § ¢
h hg K1t thanh cac.om | n { d’b® th bag cac vang't hhn trong
3.6g). Trong Hinh 3e, f, khdng cach gia cac |lp WSt h a yt 1', 3/h 2,35
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nm, pho hpvigiati khofng c §cdh  e@inhit9hon t2ch KRD n
h hn Qnsbyigia tr ly thuy/J 0,62 nm ca mHuph3ipg (002)[108]. VQc h[n,b
khol'ng cach gia cac Ip WS b a nfu I& 0,62 nm, In  h h fng kachoca
graphite (0,34 nm), thdn [ i cho s khwkh tan va xen &ion lithium trong qua
tr3nh ‘mhvi oing r igikhdng gian xen&gi a cac Bin nano Wsla m t
dil hiutichccchotist khnfnt ng _Il€u hti w mt & fBykhics @, ng
vd ilu composi t € ndyCl yWIa doitrong qua trinh hg h p
composite, gCsN4 L ‘& ttb ra thong qua dim_ ng kh amine lién tc ¢ a tiQh chd
thiourea, sinh ram ° hg€@n khi tHi (NHs va CQ) tb Qi ki n thuh [ i cho
qud trinh béc tach va'nr, ng cac Bh nano Wa MHskhac, gCsNac ., n L - ng v
tro 1a khung h tr Wh g £ b scKf} t cac Bih nano WS 1am cho chiing phan
tan tt trén ckinQr g¢CsNa. Do L i-WS,, composite WCNy dki/jh <€ 1G
L e hiusHl "mih- - atriw@hlntng _llitgem, tter, Be/x[v ™, L
“n'nth chu tr3nh cquangxgvscn ht*@ cngtntgn g ¢ €

Céc tinh chlhéa hc bQmtbga ¢ o mpldi h t ®C KN '5c kifossat
b g ph€hn g, Kpqug pe tink KAy tronddinh 3.7.

(a) C1s CN (b) N1s CN (c)S2p ¢ WCNS5 (d) Wady. . __ WCNS
C=N-C ; ; W\4
N=C-N f 8 & |
: , Q o
] o
=4
cCon ¥ b o o )
3 ‘v; Lo ‘;‘ o 0 2 (c‘”" .
] L] T T T L | T T T -
AN 1= 158160 162 64 186 188 240 250 260 270
o '; : Nang lwong lign két (eV) Ning lwong lign két {eV)
o
£ £ (&) Waf N WCN5
2 3 U N o
o © - e : ’
]
L)
O
T
o
c
o
3
5]
— b)
280 285 280 oo I . | ; ) X :
) 395 400 405 410 28 30 32 34 36 38 40
Nang Iwgng lign két (eV) Nang lugeng lién ket (eV)

Ning lwong lign két (eV)

Hinh 3.7. P XPS (a) C1s va (b) N1s,a CN, WCN5. Ph XPS (c) S2p,
(d) W4d va (e) Waf ¢ a vt li' u WCNS.
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PR XPSca C1 s phé@n gfitao (Hinh 3.7a) c6 W ‘& tach thanh ba
peak thnghicaplienk} HL t r,€g@NacCiC,CiNvaN=ON" cac
n £ n gng liéek] IFn  © 1t 18284,5; 286,2 va 288,0 d83]. Lien K} gi a C va N
cagCNsc - tr ong cWG&Ngthéharong phXPS N1s (Hinh 3.7b),
L ‘& bWthblag ba Hp etark®Nitai héa trong cac vong triazine (CEN
C; 398,6 eV), N kit hai/bx ba (N (C)z hotb Hi Ni (C); 400,1 eV) va cac nhom
amine cli (iNHx; 4012 eV)[71]. S ¥ nticaphaWst rong WEHH L €
thich Bag ph XPS S2p (Hinh 3.7¢c))v  h ai Wphmada S int ngngl €
lien KT 161,7 eV (S2p2) va 163,0 eV (S2w) [121]. Hinh 3.7d trinh bay phXPS
W4d v i hai peak 245,6 eV (W4dy) va 258,0 eV (W4gh) thu ¢ vQtrthg thai
W4+ [158]. MHukhac, ph XPS W4f (Hinh 3.7e)'gn b n peak: hai peak 31,8 va
34, 7 ° e dh cho@éac thanh h spiri orbit W4fy2 va W4k, ¢ a W, hai peak
con M° 33,8va36,9eVngvicacqu Wb spiris p i W hitthica W [121],
[35]. K/t qul nay chngt WS L « oy héa mt phfn trén QmH/WCNS5 trong
qué trinh nung 500°C [39].

Tom 14, cac K qul t r ° n _ nj inhcshthanh cong_ca qua trinh’tng
h p vd Ii u compositeVS/g-CsNaba g p h€©hng . mh Btongsticasidy h
vatiourea trong L - t phamhy rWda thaathl p phgg-CeNatrén
cac th nanowS, m” ¢, n L - n g~ nSacho qoartrinh Hinh thanviS
S gia ttnnmgg@Natmony c8mposite cON ~ m t k£ n Hoc tach Ip,
m r. ng khd'ng cach gia cacd, p va gm | lday ¢ a cac bin nanowS,, tth - Qi i
ki nthudh [ i cho cac kénheah chuyd B ich. Chang tdihy v ng il triicnano
| ai gch Gp8yatd tht + n'gng bd®  nyquang xictac 1 ng nh€ ntn
I "in hoag, a compositeso v i cac thanh pfn riéngl TM S, va g-CsNa.
3.2.Kh[o séat hdt tinh quang x(c tac
3.2.1. Vot | p/gMDdNs composi te SnS

Hi' u st xGc tacquange a cacm@uvd liu ‘lce L §nh gi 8§t htn
_ng phan hy dung dchR h B , ic&8u xU ¢ a anh sang Khki/h, kT qul L ‘&
trinh bay Hinh 3.8.
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(a) b
®) 25 o
e CN
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0.8 - (A) ¥ SCN3
{1 @ ~ 15 ¢ SCN5
0,64— SNS 2 ™ < sont
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Hinh 3.8. (a) Quang phan h y RhB b i m*u SNS, CN, SCNx (x=1, 3,5, 7, 25, 88
35), (A) thi nghi m v i chBl xtic ticma khéng chiy  Lva (8) thinghi mchi/p L~ n
khong s d ngcheixtctac ( b) M  ngB allangmuir i Hinshelwood ap ¢ ng
cho mXu vet li" u. (c) Ph PL ¢ a CNvaSCNx (x = 7, 25 va 30)(d) PR PL L' %€ tach
peakg aCNtd & $ngkich thich laser355 nm. (e) Ph UV-vis DRS ¢ a CN, SNS
va SCNX (x = 7, 25, 3@a 35).

Hinh 3.8a cho t} hi u sudiphan hy RhB® cac mditinh khifv, i SN SG I
37, 01% &45,70%MN\saul6’gichi/p sang. Mt quan satré latl phfn  t r £ m
phan hy RhB ¢ a cac composite SB8-CsNahfu W} QL cao hikbHit so v
thanh pfin SNS va CN. Riéng ¥u SCN1 c6 hiu suHl gifm nhGso v i CN ¢6 thwv
| © do ' rySmsl h@ntinhclirdigin S N.bit, romposite SCN30
thwhi n hi u sudl phan hy RhB cao nhil la 92,22%. Ngoai ra, hai thi nghh "L
chng "¢techinvimc L2 ch stthi ngh§nmdidy xtenac co rhbvd
li'u t r Qrkign khidhg @i/ sang (Hinh 3.8a.A) va thi nghi khong cé kb
chil xtc tac (Hinh 3.8a.B). B qu cho tiy khéng cé s suy gim L §\Wign gk L
RhB tr onmghipady, cing trag hi u qu phan hy RhB 1a do phn

£
o
o
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_ng xdc tic quang Vs t h a m™ npitha ¢ & chdi xdc tdc quang va photon anh
sang.

nWs o sfn t hliQhok tinh quang xuc tag @ cac i vd i u, phan
t 2 cighB&gapHn ngphanhy R h’R ti/h BnhTrong xic tac quang ban
d* d thwnhiQutac g L « t BY mc Bdhle_ng tuan theo mé hinh Langmiiir
Hinshelwood[37]. Hinh 3.8b BiM di n s ph thu c tuyh tinh gi a In(G/C) va
th i gian chip x4t. K/ qu't h u c gh€hpvi m?!  Inghnchd o thw
hin trong ph€hng tr3nh (3.1):

IN(Co/C) = kt (3.1)

TrongoMaClang@g, RhB bfava cdh ¥ sau thi gian chil
sangt, klahfags t ¢ | .IHags t ¢ | £ €h m@y i qua trinh xlc tAguang
catngwdliu ‘lc@ ngké Blng 3.2.
B[ng3.2 HAag s t' ¢ , theo mo6 hinhLangmuir - Hinshelwood.

MU Huags tc | K(g ') H s hiquy(R?
CN 0,10466 0,98603
SNS 0,08068 0,96072
SCN1 0,09137 0,99297
SCN3 0,11487 0,97643
SCN5 0,13265 0,98576
SCN7 0,16292 0,99522
SCN25 0,28279 0,97743
SCN30 0,44402 0,99344
SCN35 0,20179 0,99616

Nh€Wwhi m B[ng32 hagstc  Kgahfuhlc §c con@lonsi t e
hhn QrediviimXtinhkhit . Qnaykifn gnhkkifintng quahthd nxgYc
c“agc a dil tric d h p SnS/g-CsNa. Trong § cac v li' u composite, SCN30 c6
haag $ t ¢ | phn_ng cao nkil (0,44402gi 'Y , ¢ a o [N 4B6 1,57 vdd
2,20 IFn so v i SCN1 (Q09137 gi'l), SCN25 (g28279gi 1) va SCN35 (0179
g ").H'n ‘“ngthay chothy raagmt °hgd ply gCsNscod thMt £ n'gng c €
cac kénhvdh chuy va phan tackeH electroni | tr ng quang sinh, goép ph
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nang cachot tinh quangxudc tacg a v Ii' u. Tuy nhién,yu h ~° mg chEi@
g-CsN4 trong composite qua nt c6 thMam giim hi u sud phan hy RhB dotinh
chilvd Ii" u gfn v i g-CsNa tinh khi/} [117]. Ngoai ra, | p ph g-CaNs qué dayco
thWkich hott hi u_ ngche clda trén Sn$, lam gifm kh[ n £ n lgh thhanh sang va
hth ch]s ti/p xdc gi a SnG va cactac nharoxy hoa[19].

Ph quang phatjuang (PL) ca mX1 CNva SCX (x=7,25va30y. i _ b€

songkicht h2 ch | as’eth cBim5Wighiénclu&@ul t r wicv LiL §nh

gdmec  taif h pcacachpphfn ma nngyuatigi sinh trongan &. Trong

Hinh 3.8d, phPLca CNcthicthanh'm pe ak Giaung i \ahnA L

(433,8 nm; 2,86 eV), B (455,9 nm; 2,72 eV), C (488,5 nm; 2,54 eV) va D (523,6

nm; 2,37 eV). Cac nghiéna tcr @ OyCsNul « "‘rafagtth g t m§ i
¢ a gCsNs bao §m di @ (lién kT sp CiN), dii * (lien K} s@ CiN) va db
electron t do (lonepair, LP) ¢ a cac nguyén tN cFu n i [124]. B n peak phat§
(theoth t t A JH D) ¢ a gCsNaphln anh cac quatrinhchdym c n £’ mg
khac nhau, cthWa dli d¥ 0* ( CledfiMoéatr (VB), 0* YL P* YPL "*vY
" [40],[154]. NbE'mgph&t®l o "¢t& peak B | " n@yiER
¢ aCNt ph UVivisDRS. N inmuhlhh t8anh phat&thusnh quang.ca g
CsNa L' ‘& gili phéong do s tai t h p electron- |, tr ng [19]. Trong Hinh 3.8c,
peak phat ¥mthh° 450 nmca CN chothbyt ¢ , tAih p| n ¢ a cac hp pHn

Li

e

eV

ma n gn duang sinfj159]. Tuy nrhg, °clim pealcpBatbtlto t r €©n g

gifm L §Wmgng ki tric d h p SnS/g-CsNa. Hbit ,  khi  {irghpg
phin gCsNat SCN7h LSCN25 v " ngC NEIOY PL ¢ £gCsNa
trong comprggimden. Kgu magexac nehrraags hindinga
SnStrong compolmitt e thailng ¢ h Hnelegron-I, trng, t L -
c[i thi n hi u s xtc tacquangg a g-CsNa.

Tinh ctliquanghc g acac vt i u  “LcBghién cu théng qua phUV-vis
DRS, K} qu L' ‘& trinh bay trong Hinh 3.8e.d/li u CN hwd th m t b hhp th
mthh b& s - nig 4d5® n.mgy itEgxholing 2,72 eV. Gia trEg ¢ a

h

CNphuhpvicackiqulLe b8o . « §[@55[19} Trong khi

c6 b hbd th r nglénti 650 nm_ng v i gid tr Eg h@, khdng 1,89 eV. Nhin

n

m

L



82

chung, hinh h g ° fig€ong kP th quangca c §c ¢ o mp oCicoHttV t €h
do | p ph ¢ a gCsNatrén SnS. Ey ¢ a cac chiiban a6 “Lc@nh toan da trén
ph€ehng tr 3 nh Mbnk va trikhu dayetiokgeHinh 3.9 valigg 33. K/}
quchraragcacd liu t ha QLc€kH nt n dt Miptrong ving anh

sang ki ki/n.
0,06 0,04 0,03
(a) CN () SNS (c}
0,03 :
o 0,04 o N
> > >
= Zo.02 = 0021
x e e
£ 0,02 / B =
‘2,72( 0011
| 71,76
! 0,01 S
0,00-—— . . / r 0,00 . £ / . ‘
15 2,0 25 2,0 1,5 72,0 2,5 1,5 2,0 2,5
Nang lwgng photon (eV) Nang lvong photon (eV) Nang lveng photon (eV)
1 0’06 r |
1 (d) SCN25 | (e) SCN30 1 (f) SCN35 |
0,04 0,04
oL oL, 004 L
z 2 2
3 3 3
w, 002 ! = 002 L, 002 j
2,79 2,82
0,00 ‘ ’/. 0,00 —_— 0,00 ; : /
2,0 3,0 1,5 2,0 2,5 3,0 2,0 3,0
Nang lwgng photon (eV) Nang lwgng photon (eV) Nang lwgng photon (eV)

Hinh 3.9. ¥ th' ph, thu, ¢ ham Kubelkai Mun k v * o  nngt npgh old @&MEy €
¢. a CN, SCN va composite SCNx (x = 7, 25, 8@ 35).

Bl'ng 33. N t ‘nng vihg@bin (Eg, eV) ¢ a cadc mé CN, SNS va SCNx (x = 7, 25, 30

va 35).

M>XU CN SNS SCN7 SCN25  SCN30 SCN35

E, (eV) 272 1,89 1,76 2,79 275 2,82

Trong cac nghién @ vQc h Jjchiwyw  t fich ¢ a ddl trac d h p SnS/g-
CsNs, thJVB va CB ¢a SnSva gCNatd Whi'lhi t 2 ch "&hk@g L€
t heo phaRBFv 't rdli@ ke trong Bng 34.V tri bien VB vaCB ¢ a
hai ctilban a6 °Lc®inh h a trong Hinh 3.1.

Eve =61 E*+ 0,5F (3.2

Ecs = Eve - By (3.3)
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Tr o n gEvelvaEcgla v tri bienVB vav tri bienCB, cl ~, ©lm ' (gia
tr t r ung, ®@rm nrhg a Lac nguyén tthanh pfin)v. i 6 ( gsN4C= 472 eV,

6 ( SEDH49 eVvaEe=45eV] © nlnygaeledont do ¢a nguyén't
hydrogen19].
B[ng 34. V tri bién th/JCB va VB ¢ a g-C3Nzsva SnS.
M>u Ece so v i NHE¥eV Evs so v i NHE%eV
g-CaN4 -1,14 1,58
SnS 0,05 1,94

Vai tro ¢ a cac tdc nhan &b  nky chinh (electron quang sinh, & tr' ng

quang sinh i cac gct do Q*'va’OH) i Wi quéa trinhxtc tacquangc | n g

I ‘& kho sattrong s hi ndinc¢ acaccitidpth kh&c nhau, nhe

Hinh 310.
(@) 1,0 (b) 404 A
1 —— N2 1 u NZ
0,8 —8— Khéng khi 3,0 ® Khong khi
—— Oy 4 0,
0,6 -
QO 20
o b
o 5)
O 04 =
= 1,01
0,2 - ]
0,0
0,0 LA B — T T T T 1 T T
0 1 2 3 4 5 6 0 1 2 3 4 5 6
Théi gian chiéu sang (gid) Theéi gian chieu sang (gi®)
(€) 4,04 (d) |
1 2,5 v Khong chét dap tat
0.8 4 A TBA
' 2,0 ¢ AO
1 ) " BQ
0,6 O 1.5
° —
S S
O 0,4 = 1,0
—= BQ \\ .
1 < AOQ 0,5
024 —A—TBA i
| —~ Knhéng chét dap tat 0.0
00+——T——T T T T - T - T - T *+ T T * 1
1 2 3 4 5 6 0 1 2 304 5 6
Thei gian chiéu sang (gi®) Thei gian chieu sang (gio)

Hinh 3.10. (&) Quang phanhy Rh B v~ ( bnph ellfangmdri h L
Hi nshel wowodli uu SCN30 t Qkinrgkhac ghau: Khdng khi, N,
O2.(c)in h "hg& achilddp tdvg ¢t d o /plgua trinh quang phan h y RhB va
(d) m! n@R alLangntuvir i Hinshelwood ap d ng cho m¥u SCN3D.

t
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Vai trd ¢ a khi oxygen hoa tan trong quang phayh RhBc LI nh g
trén mda Uldi n SCN30. Dung'd¢ h ~ ¢ s& lién t ¢ khi nitrogen hbb oxygen
t rec&asaukhichih L " n. Tr on'g  Hham hy RhB ttodgakhong
kh&khioing 92, 22% v~ t tcdg . duy Bh@n, G2 $Gd k h |
suy thodi RhB dim xu ng con 74,86% khi c6 HbN, sau 6 gi chi/u sang. Ngoai
ra, mtnghtibdhnELangmuiri Hinshelwood cho Y thi nghim v i Oz
coOtag s t ¢ | Kcaonidl(0,65055 h) , ¢ a o[ndiaid vak8sh soy i
trong khong khi (0,44402'H va Ne (0,22589 h') (Hinh 3.10b va Bng P4 trong
Ph | c). Klqunaychrarag QL - ng v ai ngtrong hquwd quang r
phanhy Rh Bu mi ¢ gill'tkech 1a do cac phan tOz hip ph trén lmHy
vd liu L kol i céc electron kich thich trén CBa ban &, gop pln kéo
daithigiansngcal trng quang _<chithc, talkdh p electron
| tr ng.

in h " Mmg@acactic nhan &b nlg c¢ hi2v.n dua tfinh xGc tagquang
tren M SCN3OcHhilosat. € ©y, BQ, TBALEL®ND I
rieng bit® m i thi nghim Vi tb OAT%OH, va H. Hinh 3.10c cho th hi u
sudl quang phan_ty ¢ a RhB gim khi c6 ntbchi ddo tu G thWsau 6 gi chi/l
x4 t I suythodi RhB dim L §Wdah cdn 48,55% khi thém BQ valgn xu ng
70,81% khi b sungAO.  Ngl€phfn t r t MimsRlyB gk hYnglL §hagy
kWkhi s d ng TBA. Trong Hinh 3.10d valkg P4 (Ph | c),cacffags tc , L
phin_ ng gim theo chiu: TBA (0,41022 h') > AO (0,21330 k') > BQ (0,11185
h'Y). Nh ng kT qu ndy xac minh fag O 'va h* 1a cac tdc nhan kb , nfy pHn
_ng chinh, trong kMOH [N h “m & k h 1 n\Whlg8artrinh ghan_ ty quang
RhB.

Tr ° n° dgadnghéén cu vQthi nghim B¢ g ct do va phan ticlg, c h
ch/]xdc tacquangg a composite Sn®)-CsNs L ‘& Qkudl  n h € anttongh  h
Hinh 3.11.
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Hinh3.1 1. @duangphanhyRhBb ivdli u SnS/g-CsNatheo
(@ mé hinhdlitracd h plotillva(c)s h™
(b) S chuyW electrondo chénh 1ch m ¢ Fermi gi a hai chbl ban dxn.
Theo Ldlubamd SngvagCsNsco v tri bién ving # va ving
hoa tr ghép ni t% dal trde ving so le nén schuyWw f fich quang sinh c6
X[y ra theo hai cach. Cach tmhHl theo md hinh I8l trac d h p 104 1l truyQ
th" ng (Hinh 3.11a),[chai ban & ‘lc© k 2 ¢ R ngttfi2 With raltac electron
val t‘ng quangs shimWc adehsangKhkip . Sau L -,
" trthg thai kich thich trén viing CB & g-C3sN4 s€ chuywt JJL.CB ¢ a Sn$, trong
khicac| tr ng VBt SnSsEdichuyd VB ¢ a gCsNa.  Qamay lam cho cac
electron quang sinh tich trén CB ¢a SnS cdé thjkh thhgb va cac,| tr ng quang
sinh tich t trén VB ¢a gCsNas h u thjoxy hoa tghy . P h ‘©dchuyd t i i
tichnay lamdmkh n £ n g o-Xkly, d - JH suy yu hdd tinh quang xuc tac

c8c



86

¢ a wd i u composite. Cac electron trén CBacban & SnS cé thjkh d €hn g
h h n/jklh kthuq E(OA]02) = -0,33 eV (so vi NHE) [76] khéng thAbhin  ng
tr ctifpyviO2lWh ragec QAT “irchip v i k/f qu thi nghim b§ g ct do,
mé hinh 181 Il truyQh th ng khéng phu’hp vi vai trd ¢ a tac nhan Ha | niy chinh
(OA)  k h?ogmtBENgoaira, da v = o W u &gl ¢ B € md hinh
clitricdh plodligp kh:- khitn XotD®dmadac & frang L
I'“in tich ctng & [80].

Trong cach th hai, chll trc x(c taauangs h° St ©hmhg€ thmg d
hplod | | khédb&nagh JJchimd L in tich(Hinh 3.11b va3.11c). Theotinh
toan caly thuyf hamnd  , I n £ nggFermi€®) ¢ a SnS v, i cong thoa(work
function) 1460 eV ¢ a@gCMNH43 eV) [160]. Sau khi gCsNs k/T h p v i
SnS, td giao din d thwgi a haiban ¥h,c § ¢ el ect mepchumtdnv@ u h €
phiaSnS, da Jim t vangthi/u h t electrontrén gCsNs LW ° E €@n Ifag B
(Hnh3.11b ) . DOMHIg-CNst? ch d#€hng, QmkbSnBg2 &i L ib
am. S phan b 14 " rtich naylam xdlhi nn i L'in “tng @EF) €l giao din dil
tric d thwt h e ong h €CsNa LUN SNS. | E F X gud ¥ishchiiywd L' in tich
gi a cac mHy gép pin t £ mgkhfa€ n g  p tgi©axching§Ngdai ra,dri
n £ ngng ¢ a@-CsNaxultthi n's u ncong lérva SnSthWhi n's U ncongxu ng
dohiu ngphanbld "rtichD€iticdngcat h pcaclc, baogmIEF, | c
hat Coulomb va hu ngun cong v Ygdl gimotdnngham céch hai ban
o, cac electron quanginht CB ¢ a SnSsSchuy VB ¢ a ¢CaNa, tai KiEh p
nhanh chdéng va Bhh m€v i cac | tr ng. KJ1 qul la hod tinh quangxuc tac ca
composcttie Qu€ lfoa t mtic nac éle€tron CBé&ng-C:Ns (ki n £ n g
kh mthh)vacac|tr ngVBténSnS(khfnt ng omthh. hDa L-, c8c
t2ch |1 yagCNARthRB ©m hhAki chuwg E(0A10,) =-0,33 eV
(so v i NHE) c6 thAkh céc phan t Oz hijp ph thanh G*T1a tAc nhan oxy héathh
trong qua trinh phan gthicnhumhu dh.ong ,dadhlitr ngh ¢ a SnS
va gCsNs cobien VBOm h Hkh dchh ¢ a E°OH/H;0) = +2,27 eV (so vi
NHE) [70] nénkhéng th\bxy héa HO thanhOH. Tuy nhién, cac It ng quangsinh
trén VB ¢a Sn3 L - rva tro quan frng trong qua trinh oxy hoéa tc ti/p RhB. RS
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rang,mo hinhphan tach ‘in tichs K" Slpht hp v i thinghi mdd tbg ¢t do, ch
rarag g c O 'vaht gép pin L 8Wagqué trinh quanghan hy RhB. T. nh ng
ph©n t2ch t Jjfkilud:iPHm gg quahgi phad, iy RhB tuan theand
hinhchupd "H i t 2 ¢ & L ‘®minih aquacéc plfn_ ng sau:

g-CsNa+ 8 Y  -@3N4(€/h*) (34
sns+hsV S neht) (35)
g (g-C:Ng) + Y 87 (3.6)
(OAIh")+ R h B[n pi¥n quang phan, ty (3.7)

Nhin chunghi = u qsuuabhtg pRh8n_, A8 o mMXu comMpPoOS.I
Le ¢ titngo cW@ ndt rlii® nugCMswa SnS. Trong L
compositekh/ ii 1t€ nlg t i @nlV)chaside/thibireath h° p
1: 30 thwW hlio%iRhB, w  tsumlh,Bitunlg” s92 t22% L,
la 0,44402 Kt rong 6 gi~ chiJu x4 §n¢tltsi®ing Kkt
h p SNS/g-CsNa ' ‘& xdy dng nh hi u_ng hip tr ¢ a hai &l t thanh plin
(-CsNavasSng) t u©n Jfichuywd Biht £ &8 thayhi élitracdh p
loY I 1 {ihdg n gD oph&l tach vash chuyM cac ¢p electron- |, tr ng
quang <idnti n, B4 /1 kéo dai thi gian $ ng ¢ a ching trén band,
i ©u [m-ita gk mixkly , nAng aao hu s xdc tacquangg, a composite.
H t hQuraghg bSBHg-CINEBE ¢ cOn mhdc ~ng ¢
ntkng chothnaexdjhb * nhi_m chblt h_ u ch
322 2. Vot | i MigCsblso mposi t e WS
Ho tinh quang xuc tac.@a cac mu vd [ u  “Llc© L § n Rag pHin 8ng b
phan hy RhB sau 6 gi chi/ xdanh sang kiiki/h, kpguin h<€© H3 nh 3. 12.
KJ/I qu" Hinh 3.12a cho t} riag cac ban ¥h tinh khif WS, va g-CsNa ¢
hi uqu phan hy RhBthgp dofc  taif h p cao ca cac &p electron-|, tr' ng
quang sinh. Tuy nhién,Bb t 2 n h g u aadj thix%au khi 18i ghép’tréng
chl trdc d h p composite W8g-CsNa.  Khi “rygg@Nsgea tWCENG t
IJh WCN25, hiugchud h-a RhB clng ttnggglCNn. Tu
ttng  MmMMPWEN30VvaWCN35, mc . Juang suy thoBig RheE
gifm. Qnray cho tBY trong § cac \ li u, WCN25 la chil xtc tac quang t
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nhilv i | ghan hy RhB1a83,05% sau6gchiy L~ n.
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Hinh 3.12. (a) Quang phan hy RhBva (b)m*  h 3 ngh cl
Langmuir 7 Hinshelwood ap d ng cho cac mdu WS, CNvaWCNy (y =1, 3, 5, 10, 25,
30va35). (c) Ph PLg aCNvaWCN25H _lw $ngkich thich laser 355 nm.
(d) PH UV-vis DRS ¢ a WSvaWCNy (y = 3, 5,10, 25, 30va 35).
Blng 35. HAag s t' ¢ , theo m6 hinh Langmuir - Hinshelwood.

MU Hags tc | K(gi ') H s hiquy(R?

CN 0,10466 0,98603

WS 0,05370 0,96937
WCN1 0,11964 0,96889
WCN3 0,12057 0,99350
WCN5 0,12270 0,98256
WCN10 0,16946 0,99296
WCN25 0,29927 0,99591
WCN30 0,25185 0,98771

WCN35 0,20948 0,98849
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M6 hinh Langmuir- Hi ns h el wocoag dniigWILIE € h  nmgih® L
¢ a qua trinh xic taguang Hinh 3.12b trinh bay m quan h tuy/h tinh ¢a
In(Co/C) so vith igianchi/u sang t, chng § qua trinh phan_ty quang ca RhB
caWCN25 phohpyi m! mgfchbdtbid t heo ph€hng tr
haags tc kK ‘lc@ngkétrongBhg 3.5. CSQthdhommpdsi t e
tinh quang phanly Rh B «c aoicdchédn thsriéng®@ T r o ndgli ul - ‘
WCN25 S h ugiatr k| n nhii(0,29927 gi'Y), ghb 2,86 va 5,57Fh so vi CN va
WS. Ndp,€l v mngtechhpgi aWSvagCNst rong WAB25 L
radditracdh phoanfonh hiu nghiptf gi aching,gépgmn t £t mg ¢ €
I § nWhi Wkqu™ quang phan_ty RhB.

Hinh 3.12c thvhi n ph PL ¢ a cac éu CN va WCN25 vi o $8ngkich
thich laser 355 nm. C6 Wquan séat thy g-CsNa tinh khi/} cé peak PLmthh’
kholng 0nm dotc | tAik/ph p cao ca cach p pfh ma nngguatg sinh.
n"iv i cac chdl xic thc quanVCN25 "o ¢ RLgim L §Wdphi k_ng
hi ptr trongchlitric dh p,lamglm s taif h p ¢ a cac &p electron |, tr' ng.

nWL § n h [gn t8n lgkthhanh sang_ ca cac réu vd Ii u, ph UV-vis
DRS ~dtc hinva k}qu n h€ [nrong Hinh 3.2d. Ban da ¢-CsNa va
WS, tinh khif c6 b higp th Ifn "t kBolng 450 nm v&50 n m  tn@hirEg
la2,72evVvallle V. C8c c onmpg b th e uea-n’ god®hen v i
b m rng/hB0Onm, nh L - M t h'gng ho®tinh quangxdc tac vd
i'u .dd&hsang kiki/h . Qnin g gilltdchdos L - ng | chgpph L
quang ca WS trong compositg117]. D |i' uEq ¢ a cac ban¥h ‘lc@inh bay
trong HinhP6 Ph |, c) va B{ng 3.6.

Blng 3. 6. ngWang din (EgeV) ¢ a cac ma va li' u CN, WS va WCNy (y=
3,5, 10, 25, 30 va 35).

M>U CN WS WCN3 WCN5 WCN10 WCN25 WCN30 WCN35

Eq(eV) 2,72 1,71 1,63 1,52 1,50 1,57 1,55 1,43

Krqu L § nh ting quéng xic tac cholh, t €hm§ ¢ omposi
SNS/g-CsNa,” h ™ m ng g83Na cao, \d It u WCNy thahi n hdt tinh quang xuc
tactt h hmngmiuld li uch at phfn gCsNathgd . T r o nugsHlphan  h i
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h. y RhB ¢ a composite WCN25 |a t nhHil

Nh €d,wiclai ghép gCsNsv. icac hppiHn t €hng t h%ch nl
WS, 'Wtb thanh &l trac d h p trong composite SRE-CsNs va WS/g-CaNa L «
cfithin L §whg4 tikh quang xuc tac sq vcac dih t tinh khilp . Qumay
L& lygliladohiu nghiptr gi acacban¥hthanhpn gi Yp ng £ ng
cac kénhvh chupy v °  p h ‘@nich tk@ i thilgian $ ng ¢ a cac electron
val trng,t L -"it €@u mMtaagklmuang x&mpob8&icte.i n8§n.
vimdvdliucot I khi ° hgehiourea trong.m h p tigh chdl (hay ham
| “@g gCsN4 trong composite) cao, ph_ ng quang phan.ly R hiBhi Wqu’
vatri hhpivalioucha “~hg@CNsathh . Ndp € niy disulfide quéa
nhiQu trong composite ¢ Wbi¥ Ji’thu c tinh v Ii' u gfn v | SNS va WS tinh
khit . "NEI€° nd h& pHn gCsNaqua mccothvgay hdt  t 2 n i'ngt ‘€hn ¢
n h €CsNy tinh khi/l. K/ qur nay cho tisf vi ¢ @ déhnhhp | T “Imgoic | €
chiiban a6 rieng lGtrongpin. ng x ¥c tV& ¢ &@u athsgHphan hy
chli6 nhjm m"~ u . clkilo sht§uan'tmg va ¢n thi/J.
33.Kh[o sKt tI2 ntva L i
33.1. Vot | i MdgpCsfNpomposite SnS

TinhcHdl "WhHéacacacwdliu SNS, CN vUdia&a@NBosi t
L& L§nhi gpetng pwegptdnchoa® {(CV)ttrong khiing th]
0,05i3,0V (soyililLi*)v it c  tuét0,1 mVs. K/Jqul L ‘& trinh bay trong
Hinh 3.13a-c.

Hinh 3.13a pfin anh K} qu L o  C & m¥éec SCN3 trong ba chu&lfu.
V., ng qu ®fu tiénaxudhhordcéc peak khl i ° n /gm & n c/fph ¢ h
thbt Lan -chuyd "il-tbhp kim. Trong 1B3V (soveak r
Li/Li *) b d ch chuyd thanh 1,52 V trong cac chBk/p t h @amay catiguy
kf cho qu§ tr %uvadcadii nanocShsLWib dhanh Li$nS ma
khéng cé hin ° ng&huyd pha[126]. Ba tin hiu cathoded 1,50; 1,27 val,12 V
(sovilLi/lLi*) "It an cho pfn_ng chuyd ~ilhhiQu  [x€© SnS va LikSnS
thanh Snva LS[57]c | ng = mhahyschdl " rigili Wb thanh | p mang
I'"in gili rca SEI[82], [128]. Cac peak nay fin ‘cn&y, v& dch chuyM nhGvQ
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vuangthjc ao h hn, 1, 3.1iLiAi™) trdhg chdschuNgti/p them. Peak tu
th nt il 015 V va dch chuyM thanh 0,17 V trong cac chBkau cé thMa do
phin_ng tb h p kim gi a lithium va cac & Sn m i hinh thanh. Trong qué trinh
quét anodé chu K8th nhil xuHihin  nt m pteealkchinhomg® 0,52 V
I ‘& géan cho qua trinh Gih p kim thuh nghch hdb s gili chén ion L t
LiySn; haipeak 1, 18 v~ 1 ,rg2ipkn_ tngdhuywg ~ilgi a Sn va
Li»S thanh Sngpeak 1, 8 5 ° cholla@ua trinh §i chén ion L t LixSnS
[52]vapeakticord® 2, 22 V ndveh i ilLi2S khong phn_ ng
thanh polysulfidg46], [104].

0,3 0.1
o 1 (b) SNS | (€) CN
' 02
0,0 =
0,0 1 o1 _
z 3oo] Tor
= £ s
=]
c 01 2041 5
“Q -y n-n,z -
= =]
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Hinh 3.13. “mdcong CVba chu k8 fu ¢ a (a) SCN3, (b) SNS, (c) CN.
Du n g nd S&/X[ ¢ a(d) SCN3 bachuBLfu" md L dong 100 mA ¢, (e) SNS
va (f) SCN3 trong 600 chu B° md L', dong 500 mA ¢
MHb du v tri cac peak oxy héakh ga "Hd cSNSgfngingvi i
c ¢ SCNBn h ‘€n’gng toCV ¢ aSNScho tty | b lU kémv iceng, L
¢. a cac peak gim nhanh chong trong cac cha &) theo(Hinh 3.13b). n Qu nay
chngt L, bQv "w#®ic avdli ucomposite SCBIsoviSNSn ivi i
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¢ ¢ CN (Hinh 3.8c), KF qul CV hiwith m ts peak kh . ng v is hinh thanh
bHithudh nghchgca| pSElvacacpin. ngpht rong qug8 tr finh gt
tien. Hin “nga@l  d u' mgbHktheh nghc h L 8wgra kg-CaNs L ‘&
cholad o h " ng NI r&rong gCsNa L «o iyt n £ mglién kemthh n€
V. i c&c ion Li'[34], [122]. Trong cac chu&ti/p theo khéng c6 peak oxy hdéaHwo
kh naoxmihin.n&ng c¢ h&#ulBthl Haitrtl il ahgcongCVogfn n h €
trang kh pnhau Hot ng CVcga " d c CNtrong nghien aw n "¢ phéte
hin | °  tnéhéngt ¢tcarbon maodin ‘lc€ b § 0o . © § YN [38]E
[89]. mayng yrao g c/h €aHithium ¢ a gCsNs gi' ng” carbon mao
qguln. Do Il-ng sgg@NsWhtng dumg nlci€composite ch
y/u dos hbb ph L'in héa ion Lt trén cac tam khuy td ( th/Jtrén Q45 V, so
v iLi/lLi*)vas Ilda g ndid @ th/]g akim loY lithium ( th/Jd © 0,45V, sovi
Li/Li *) [38], [45].

Ch Jj¢t Ky ion li*t r ° 'mc¢ & SCNB L ‘& mo { thébng quacac pn

_ng héa hc sau:

SnS + xLit +xé &% LiSnS nan c¢c i (38
LixSnS+ (41 X)Li*+ (41 XY Sn 28 2L Chuwt il (3.9)
SnS + 4ALi* + 46 &1 Sn + 2LbS Chuywt " i (3.10)
Sn +yLi* +yed &% Li,Sn T h p kim (3.11)

nWC§nh Qgi 8L mgomposite SCRtrong ngdngl "~ mntaé
anodechoLIBs, chuing téiti/jh hanhkh[o sat hiu stdl " nhéacavd i ul’iv, i
qua trinh chén/@i chén Li. n &ng cong St/x[ ¢, a SCN3 trong ba chu & Lfu tién
td md L, dong 100 mAg L ' ‘& thwhi n trong Hinh3.13d. T h edong & Ly
tién ¢ a SCNBbao g m haib th/]Jt4 1,25 va Q35 V (so v i Li/Li*). B th/]td 1,25
V c6 thiMa qua trinh chugd L i vab th/]Jt4 0,35 Vt €h mgyv i ph[n_ ng tb
h p kim gi a cac ion Li va htt kim lod Sn. Ngoai ra, havungth/jd ¢ L «c L €
quan sathby, bao gm: Vungth/]d ctrén1,50 V (so v i Li/Li*) ng v i qué trinh
L aaai, trong khivingth/]d ctd th/jthgd h h nWacdeo s hirth thanh_Ip SEI
va s kh polysulfide thanh LiS. Trongdongstt fu'tién, haib th/Jxul hi n t
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0,50 va 175 V(so v i Li/Li*) t ©h mayv i ph[n_ngtachlithiumt phah p kim
Li-Sn vaqua trinh oxy hoa Sn thanh SnSlh ng K} qul nay phd hp v i phan
tich CV' trén.

nW. & nh g §awtli ucomposite SCN ¢ & c & SE/x
trong600 vong{ md I, dongc a o (B30BimAg Y. “mdcong SE/X[ ¢ a SNS
vac o mp o 8§ ditneSCNB L' & thwhi n trong Hinh 3.3e, f va hiu sud chu
tinhcatlicfc § cndc 'ltwé {trong Hinh 3.2a.

(@) 2000 (b) 2000
. Gl 100 1
> __ 3800
ﬁ 1500 |80 é
E 2 E
o £ ‘600
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@ 1000 2 @
= 8 =
2 - 2 400
o 405 5.
E: 3 3
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0+ T T T T T + 0 0 T T T
0 100 200 300 400 500 600 0 20 40 60 80 100
S0 vong (vong) 80 vong {vong)
(c)s00 = (d) 400 -
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400 SCN1 350 7 SCN1
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<> SCN5 3001 < SCN5
- 7 SCN7 1 SCN7
C 300 —_
. c 250
N - .
200 N 2004 o
150 -
100 ] ‘
100 = T s =
0 — T "~ 1 T 7 50 T T T T T T T
(e) 0 50 100 150 200 250 300 0,1 0,2 0,3 04 0,5
Z' {0 ,
~ | . .( ) ' ) w05
g _252000 SCN3
ER EM
o & 1000
o
S
A 55 : X A n :
S 200 400 600 800 1000

$6 vong (vong)
Hinh3.14. (a) “DgnygTribri*b)kh[nt ng .| dewn gngl &cmk
I, dong khéac nhau, (c) ph EISva (d) s ph, thu, ctuy/htinhgi a Bt th ¢ ( Z6,
Y) §Fns gt c'OdPSga CN, SNS, SCNx (x ="nGtao3, 5
" iion Li*g a SCN3va SNS4 100 mAdL (HMé6hinhmdc h t €hng L€hng



94

B[nNg3.7. Tomtdb HIL t r “Wrlg s

Dungngl€ CEchul8@ Dungngl éBuk8 M. c duy tri dung
MXu  ° chul8Lfu I'Fu tién 600 41 500mA gt | “@g" chu k8600

tién (mAh g' 9 (%) (MAhg'1) (%)
SNS 14676 65,06 1847 19,34
SCNL 15876 67,84 4586 4258
SCN3 15928 5201 13057 15502
SCN5 16662 50,11 9822 117,64
SCN7 18486 46,72 7629 88,34

Nh€ t fnogn g3 .Btc BNIS o u magriédg®467,6 mAh'g’
chulLlfu ti °n. T r i ncg mHachai g Csls;, compesite SCNs h u
dungnd @i °ng i8@N3tAI8 MAhG Y~ S GINLB48,6 mAh
gLnivi 'rndc SNS,CE" chuk8Lfutiénteh n g thHp (65,1%) dohi n
t “@gmi  d u mgyH thueh nghc hW thanh | p SEL.Theo Bng 3.7, s gia
t £ hg m ngge8Natrong composite ¥ J)L CE fh gifm. Ttong chu 8
L'fu tién, CE ca cac compositgilm dfnt 67,8% (L i v. i SCN1) xu ng 46,7%
(iviSCN?).CEttphay d umggf cho€a i ¢ c composite trong chu
k8 Lfu co6 thMa do pln_ ng bHi thuch nghch b lién KT chHuchEgi aion Lit v, i
graphiticN trong gCsNa4 [34]. Do L - ng gtaphitieN lca® ¢a ¢CsN4 lam
glfm CE fuga & 8ncc clampositg45]). T chulk8th haitr L i |, CE | °
[/h 96% va §n  n Bt800% sau 30 chuds®/x[ (Hinh 3.4a).

Trong cac chu &ti/p theo, Hc[c § cnd.dchotiyys mH du'mg | €
t t.C thwWSNSLG °i € d u'mgthuh@ghch riéng 2344 mAhg 't €hn g
_ngvim cduytrid u n gngla #8,55% sau 10 chugks&e/x[. S suy gim dung
| “@g nhanh chongo thocac thnano Sngll - ng v adt li uhot | nfy -

b v. v, nthanh cac ®# nh h htong quatrinh&/x[. Hin "h€ n "~ yc Dk L €
chtrongmts b §o c & o Lv@sh&cogenide vaxidec a kim Iod chuywd

ti/p [45], [118]. S v. v, n nay cé tlvmang Hm, ts thudh [ i cho hét  nlg "nL i

hoac avd Ii u: () vad li uhdt  ngv ikicht he&h@nh h had dangti/p xac

v, i chHIL "in gi[i va (i) cac Bt v ikicht h&nh,L x pl. ncung & nhiQikénh



95

vcdh chuy varuat ngda kholng cachkhwph tanion Li™. Do L. tfhigiamu m
gifmnhdl ‘'nti, dumgcal € 8necclilcghchi v~ sau L. tkir
kWnHobit,c §cndcd compoddn g’ dn@ngtliicht quatrinhy

V. n ¢ acacih nano Sns  C &ncc clhdy chgilm d u nrg trdngevai che

chulkd, sau L ¢higlhu n gnghh&hh chong trong 150 ch@k/p theo va duy

timc t £@sgu chuhBth 200. Tuy nhién,compositeSCNL thwhi n dung

| “@g thuh nghch gim din sau 300 chugva ch con 4586 mAh gt td chu k8

th 600.Nh e,k hi h igm-CNs&hdng cd heb co Hi it thi cac tin nano

SnS v. v, n nhanh chongam mieiti/p x Yawgi & i B ¢ c va vt Ii u hot

L ng & J'd ungngkb & Hdé cSNSVASCNLD suygimLl § nW  k

Ngo“ i ra, c§c-cuwg iltttoh pkimdianaliéofcia
I Y cothiMgay rast haythWiich|[ngia c¢c8c pha. WSh& L hn
chus gidn n thwtich qualn n°n ® hlengd uwhngg Inéh €lygi §
thuyf ¢ 1 ng nn'hBEVAL u bl tric 2D gCsNa L & cannls nhte m
|l p ' c.-bQlcao, thichngftv is t h & ythwich trong qua trinh&/xT,
nh L - [ithin . bQr¢awd i u composite SCNKL18]. MHukhac, vi . X p
cao va din tich QmHuriéng | n, cllinQr gCsNac T ng | * ngmham tantlyr €
t “@g cho cac ®# nano Snsv. v.n Wranh chang R t tr 14 [118], [145].

Trong cac ¢ li u composite, SCN3 cholih hi u sl chu trinh tt nhil v, i dung
| @ g ~ mr€la 1305,7 va 1720,7 mAHftd cacmd I, d . ng tng500 ¢
100 mA d* (Hinh 3.4a, e).

Khi tEtndgngChilNanhciphSCN5 v ‘®£&d7untg | €
rieng tigd  h h n2 va BBWIAh d) mbdihiusldl chu tr3nh cao
L'incc SNS v~ SCHhglc.a SONBrvgSCN7ein | © dongh ™ m
thanh plin SNSthd t €hgwvgtiichll t hi owthémah@l €hhn tr o
qua trinh'tng hp. Do  IWngi raacg ht "hmg gCsMd thich h p trong
composite SCN3 gop ph  t £ mgcaactigh cll " héacawdli u. nrcic
SCN3cung b dunngg Ir€ °ng Q sooyi didhmly thuili 1a 1136
mAh ¢ 1.
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nWkhlo sattinh ctil  nghcga Héc chingtith h~ " nh Lo d
| “@g ¢ a SNS, SCN1 va SCN8ltcAcmd L, dong khac nhau t50i 1000 mA §*.
Theo J/hdquongHinh3.2b, d unggénd c&SCN3 cacmd L, dong
50; 10Q, 200, 500, 800 va 1000 mAg'tt ©h mgla 7363; 657,4; 631,3; 6088;
5735 va 5262 mAh g Khimd L, dongtr IY500 mAd:, dumg I.€u tr
phchi nhanh4eo89mAggivl tfotrang ahic chu&s au Q@ ni
nay cho tisy kh[ n £ n gdh nghch va hiu sl se/x[ cao ¢ a composite SCN3.
n"iv.iSCN1vaSNS4YmdLl, dongt 5 0/h 1000 mA &', ch a Qu chb dung
| @ g k ®m, thWe mn SCNLIa 5744; 5530; 512,3; 464,2; 4109; 3187 mAh
g'!va SNS la 55P; 4900; 3991; 3149; 2439; 161,9 mAh d*. Sau khi quay tr
4 dong 500 mA &, cf h a iQu Lc - dngrgign, | € r ong M dungSNS
| “@g nghitmtrng hhn. Doi L h; ngSrCMphinvd p co thW ‘&
xemlamtvdliu "Bec fthahh nh L "n "nb chu trinh va hu sud
e/ &dithhn L&wg kK
S t £ n'gng ca€tinh cll " Héa ca v li u SCNx so vi SNS |a nh
vai tro ¢ a cHinQv gCsNava ki n £ n[gthia | B "H1i -ion khik}h p
gi ahai &t thanh pfin, gCsNava Sns. Wn " m r » Qutndy, pmt np ir
L'inhéaElS)c ho ¢ §&c b’ &ti/hpanhnD I wEISpKE h p v i mé hinh
mth t€hng L &4HnGic K} 6UF marfu3llvl” sau kht phec
trinh bay trong Hinh 34c . T h &lla[ c I8¢ th INyquistga K ¢ ¢ SNS va
S C N>Q@ gIm m t hinh bancunglém xu ng trong vingfin S ¢ a dh trling binh
vamt ° Bgahng trong vangfin S thby. Trongmé hinh#c h  t €hn g L €hi
Ret, CPEiVAZut €hmagy i it ¢ achd " dgili, rti chuy i tich,
thanh pfin ~ p h a 'k h tvragr Miarburg. K} qul nay pha hpvid li'u
trong Bng 3.8. SOViSNS, v liu composi t entrScBUys tttich L i
thgp h hnimafhk lgi  HigngCaNs@ £ n g lc ifim. "IV chuywd
L'"in tich c6 thW. ‘& gili thich la do s c[ithi n . B  # khi c6 mbg-CaNa.
N h € Fodudttrbng phan tich XPS, ¢ sinh thanh lién’hp * trong &l tric
phant lam cho cac electrontm ° n | nign hiRA.n  H hap trong qua trinh
f ng h p pha eh, s phan hy thiourea sinh ra nt  ° hg® n cac khi NH, CQy,
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H.S o Jithin °“ngébdc tach Ip ¢ a Sngt dthg kh i thanh caclin nano,
trongdaycacchkhglm khi t t fing tthhi onuhr epahQidh € L «
trong phan tich hinh thaidvli’ u. MHukhac, mt °~ hg€®n gCsNsv. i | X p cao

tlb ra QmHbvd li u phu hp cho caclih nano Snsphan tan‘tt. Vi c gilfm L

d”y v _&Hhtcg hSnStiofy composite ¢ Wit ngh ¢ 0 ng khugh

tanion Lt L - [itein 4 Hdhungcawdli u.

Blng 3.8. Théngs L 'inhdéaga ¢ §rce cldiatrén ph EIS.

M>u Re( ) Ree( Q) G ("%¥) s D_t(cnPs?)
SNS 18,32 14523 647,08 2,07x10' 7
SCN1 16,68 97,86 24135 1,49x10 16
SCN3 12,62 79,76 80,11 1,35x10 *°
SCN5 9,45 70,32 16091 6,78x10 16
SCN7 8,65 68,12 38242 3,08x10' 16

Ngo i ' His khwphtanionLicl ng L tvaigo qoan trng
I"iv.iho% nlg nthéaca ¢ 8ncccl kbllthi usuise/x[. Wk § ¢nh L
h s khwkhtanionLiga c¢ 8ncc clphan tich tugh tinh pfnthcga "k |
tr Z'(q) trong vang fn s thed v i tfn S goc &¢'%°tinhnblag r ad’icd/h) , L
hanhda tr °n pheh6ly tr3nh (3.1

ZNj R+ Reg + 0 x %705 (3.12)

T hs War bur g c bdygweach @ chnhtuy/h tinh vi & (q %9
cotisuy rah s khuEhtanionLi($ )bagcachsdng ph<€ehng) tr 3 n
[61]:

$ —_— (3.13)

Trong L., R "K!'BhB8glsdk hkkJ hghd H 288,15 K, A
(cmd) la dintichQmibhi udngga "Hidc(=khi °~hgetli uhdt  ni x
di ntich Qmturieng camd), nlasel ect r oin |tircadp pyiu agn L
oxy-hoakh (t ronmghg ree y "IV iLi4sSnd, F £ 96485 C mulla
h3ag $§ FaradayC = 0,076 mol ci#la n' n g, idh Li* trong Lis4Sn.

Cac K qu['t h u c L@ ®Whi n trong Hinh 3.4d va tom &trong Bng
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38.Rérang, dtliu composdc¢ea cth tugh tinh (h s Warburg)
thgp hhan SNS, nildlph &nibn'Litsr ong composiQe nh
so v i SNS. Trong s cac \ |i' u composite, SCN3 cé Is khwkh tan cao ni la
1,35x10® cn? s, c ao ,2hfh Bo y6 SNS (207x10 cn? s1). S t £ ng
cehg dhiongaSCNxsovi SNE lt®o KKp d@aol clng n
phan tan’tt ¢ a SnStrén M g-CsN4 gilp rt ngh ¢ 0 ng kHuh tan ion L.
MHukhéac, s k/T h p 2D-2D gj a hai thanh pfn SnS va gCsN4 c6 thMm . ng
cac kénh vh chuy ion Li* va gitp cho cHl i gili tham nkp d dang[45],
[107], [119]. N h go ludk tronghm ¢ 3.21, cac clidl ban & (SnS va g-CsNa)
Vivtr2 bi °nng/FérmifBkha nhlaveo b thanh giao dnd h p
td mHuphan cach gia ching. Schénh’lchEig ahaicliiban d |~ mMER £ ng
IWehuyt m t phFn "B i t SnS giau electron sang-GsNa. Do E ¢ a SnS thip
h h na gCsN4 nén céac electroned’ ‘& chuyM t g-C3N4 sang SnSva qua trinh
nayy r a/phkhiBL Bcantag. Don L[ng&ichh L'intich® phia
SnSva suy gim lhitich” phia gCaNatd giaodind hptth r a _IngtF h €
g-CsNs LU SnS. Trong qua trinh k" i ‘tng &y pha vl p 't idich 8 bQ
mHuphan cach va §in rao §n n £ mgg iNC€vi ¢ vch chuyi hdb chén ion
Li*[127],t L - oM rihénh s khwkh tan ion ©phia Sng " ntf chuyw
I'"in tich thgd v, hg hlt vch chuyi ion gi a SnSva gCsNst £ n‘gng cO|W
clithi nhi uswst/x[¢ avd i u.

n, n ‘nbditric ga SCN3saukhingdng | " m p’icn LcSinrhg gl
nWso sanh[nh SEM valnh k thud s ¢ al’incc SNS ' dckp, kKp@ur
n h ©hit nhtrong Hinh 3.%. Trong Hinh 3.15a, sau 600 ch8 &&/x[td md = L
dong 500 mA o, “rid ¢ SNS hid th bQmHub h ‘€, ndp nthg va bih dthg
nghiém trng, la do st h a ythWiich | n trong qué trinh &/x[. Ngoai ra, xi
hi ninhiuwintln W. L'lincec “rlg b °in. dni€ ndd¢ SCN3
v gi bQmkbnhh nh €ub anfi Kk ht Hg Lc8Maghsa® 600 chu trinh
( H3 nh 3. &ith) .¢n@ng cao.a ¢ c SCN3 co thMa do hiu_ ng
U'mcamth g ilg€Nstth  mting thich®p cho cachin nano Snsphan
tanvagimbipdhgdih t r Y4c c 1 mgyvis i@ atyth\Atichhid | n.
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Hinh 3.15. 4 nh SEM ¢ a (a) SNS va (b) SCN3 sau 600 chiBkHinh ch nhd bén
trong la [nh SEM ¢ abQmHs "hid ¢t akk®st/x[ va hinh vuéng bén trong
la[nhk: thuds ¢ a ¢ §rce clsau 600 chu B.

S h™ riinh h a VQLHb tinh composite SpB-CsN4 t quy trinh tng R p
/h cacplfin n g "nl ih - atrinh |y tdmdbtrong Hinh 3.6.

Hinh 3.16. & tdmicbt quytrinht ngh p Jjtph[n_ n g " nhda
¢ avd li' u composite Sngg-CaNa.
Tom 19, v |i" u compositeSnS/g-CsNa v, i d u n gng tiéfyva hi u s
phonghp L ‘e dithi n L 8Wsayy i tkai thanh pfin L h n vA g&aNS la do
[n h “Mg<@ch cc ¢ a chdl nQr gCsNa. Vi ¢ thém th chHl thioureatrong qué
trinh t ng h p composite ¥ Ji's gi a t tng kachmpgvagliman gi
















































