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O ABSTRACT 0O

The study analyzes the electronic and thermodynamic properties of thin lithium films using
the Green's Function Method, a powerful tool for solving equations of periodic systems. It
focuses on the impact of limited size on the quantum properties of thin films, leading to
energy level quantization that significantly affects the density of states (DOS) and heat
capacity. The research also examines the effect of temperature on thermodynamic
behavior, showing a substantial reduction in heat capacity in thin films as thickness
decreases.

The tight-binding model is employed to understand electron interactions in materials with
periodic potentials, integrating Schrodinger’s equation and Bloch’s theorem to comprehend
the electronic band structure. The methodology relies on Fourier transforms and reciprocal
lattice analysis to calculate energy levels. The study highlights that thin films with small
thicknesses exhibit a strong quantization effect, resulting in significantly spaced energy
levels, whereas this effect diminishes with increased thickness.

Practical applications include improving lithium-ion battery efficiency by reducing
dendrite growth and enhancing battery stability. These films are also utilized in designing
nanotransistors, allowing precise control over energy levels. The results demonstrate that
thermal and electronic properties can be greatly optimized by adjusting the film thickness,
boosting their applicability in modern energy technologies.

Keywords: Thin lithium films, Green's Function, Schrédinger's Equation, Bloch's
Theorem, electronic properties, density of states, energy level quantization, heat capacity.
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Energy Levels: Bulk vs Thin Film Lithium (Precise)

— Bulk Lithium
1.0 = Lithium Thin Film
Film Levels

5
w05t Bulk Levels
wn
(3]
>
Q
-
>
2
(]
c
w

0.0F

psiall 55l PYTRUE

Siasili 5 AiSlans asdalll (a aliby asalll (e 85h B Clygionn Gasny (2) JSAI

salad) 8 A8l Cilysivse o850 Jashadl) (i (gyshll asfiall) A8 il ginse iayr oDlef agladall ()
Lyl 8 A AU ] Adlal) A8ESH Casnay Lgams (o 13n A lyginnall A gL

G I3l IS 20 Uie AUl il siasall. (38501 Ll A8Ual) il gins o )pendl Jagladll (Jiai agall) ald
(L=5nm).5350nal) ¢ L) ASLaws (o 3l apel) il

journal.tishreen.edu.sy Print ISSN: 2079-3057 , Online ISSN:2663-4252
34



dana (pmly sty psilll 2z (e alil 48Ul Blypudl Qs

= L= 1.0 nm
— L= 2.0 nm
at
— .= 3.0 nm
w— | =4.0 nm
— L =5.0nnm
— | = 6.0 nM
— | =T7.0 nM
3
>
i
da
2
R -
ol
>
o
-~
v
[
w
1
0 —

1.0.nm 2.0 nm 3.0’nm 4.0.nm S,OAnm 6.01nm 7.0.nm
Film Thickness (nm)

7nm: Ol nm g 7l cilSlaw die agdll) ALl A8Ual) Ciligia giiags (3) Joid)

Llig S i il ssie i sa5 N=1 ol ssiall Jiay jaa) Jadd)

cma) sl (e el 0sS5  (0=2,3) oY) il Jiay o3Y) Jadd)

ASand) 252V 8 aneSll B0 Cania (Say Lae eASLandl 3ol 1305 J8 et il gisal) 03

e oS aaeSall gl AT sy S Sy Bac Lie AUl Cilisie 1NM ASLe)

oSl Al e 16y Lea ASLendl arly WIS Gl ST st d8l) cilygins (70M): 59 L)
ASLaadl 305 Jiy il siasall G 3l of oy

journal.tishreen.edu.sy Print ISSN: 2079-3057 , Online ISSN:2663-4252
35



Tishreen University Journal. Bas. Sciences Series @ 2024 (6) 232l (46) alaall &l alall 0355 dasls dlae

Al ASLau uay Auhal) daud)

251

20

15

10

Heat Capacity (C,) [J/mol-K]

5 .
—=e Bulk Litheum C,
ot —&— Film Lithium C, Y e,
1 2 3 4 5 6 7
Film Thickness (nm)
(.1935\ Sl il i.yba.“ Aad) s (4) Jséd
Adlal yhall cilayy die (Cv=3R) 4yl (Bulk Lithium)a sfull) 55l dy0pal) desdl dad
Cvoct/L2aSleud] Ll o oS (S (Lithium Film). sdull) JLal 4y0al) dandl (il
Aphal) dendl 3 Dla Lalias) jedas (iegilh 1) ) culSlawdl cld 238 ) 452
plaall ASlecs iy uslall AU s
BO+
v
E
= 60
; === Bulk Uthium x
g 40 —&— Fm Lithium x
©
g
o
€ 20}
[S
0 - - - -

1 2 3 4 5 6 7
Film Thickness (nm)

aliil) ASlaw ity Ay )al) 8L a5 (5) Jea
A s dage e (K=85 W/mLK, it (Bulk Lithium)agll 5,sh] dphall ddeasdl o
(icocl/TicaSlond) Jilis o (Lithium Film)agfilll ald 3 il ddeagall (il o

journal.tishreen.edu.sy Print ISSN: 2079-3057 , Online ISSN:2663-4252
36



e (Gpuly caghy asfilll ara (pe abil AUl gl Clua

3y5L0L 2 )l8e 13a dcaidiie Ay )hall Adliagall (565 ¢ jiagli | dSlaw 2ic @

(DOS)az sy iy lall Z3LS a5 Capesy 2885 DY) 8 d)hall deud) J5 o

cagaadl Al o 4880 A8 B (el (35 lisigdll sall Sladdl o dphall dlasall s

A g S5 dphal) Aualiall aibiadll e dSlad) 50 eyl 46U bl ae Candl il (340
I pa € (< il Aghal) daad) of Cnall el Lo sfull) Basie Ty (lay Lad Aalss (881 duze S
) o) ae il Lo say cAamidiall syhall e xie ST A0 OIS s (a8 4 U ASlend)

Slo cly dag)l) el 8 dghall Auliall i) clgls Al (Wu, H, et al. [8]aul ) Lyl
3 Aad ) duie ) 8 asell 50 o ol asalil o LS L ASLandl il ae Ayyhyall Aad) (il

) Aaal) Lyl i ae Wl (38155 ABUal) cilgine 8 S acls ) gas gy 8psal) lSland)
Bbal) 5 Akl s e BpieY) Gailad o il JSE i ASLend) o cpelil

slo ALl Ll Auall oda ekl ¢ Zhang, L., et al. [9] e Cndl Gy el e 30

&5 Le byl 038 ac iy . pfall) iyl 8 deadiisa) 4880 Auie S Ay )adl 5 Auig SSY) ailadl)
e Y] il 33a Lee g iS5 Ahall pailedl) Gt e dSledl il Jsa il 8 ) Jeasil
casll) @l jUay 3o S a8 438

oailiadl) 8 5 cuad ) o o oS asiull) dpdel 8 ASled) Jhaes o oy ol sda e Ly
ccibyla) Jie aall kil 3 2uie V) oded 5l Laal) o oS Lo sag g 5N Aphall Al

Gluagilly claliiiuy)

clabinay)

oaly LapaSs edal asdilll e A1) 4082 of Ayl cpelal: AUl apeill e ASLand) 36 1
S eyl IS8 s aneSill 108 L ASLendl Q85 pe d8lall clysisall 2o 3105 Cum (AUl il ginsd]
1 Jie) dysiegilil) lland) die duals cdgyhall Gandl & Lgale (alidsl ) 535 Lae « (DOS)eylall
(gl

ASaalinally (AU s Jia) Aty S bl o st Apbally A S (ailiadl) G Jell) .2
J8 (el 7) ASsandl daieY) ah e Laal) dlawy Gy Ualsyl daipe (Aphall dudia sally dasdl (Jie) Gyl
i) 4ol salall sl e Gailiadll i el 5l

st (o JIE Bjfine 488, utel padind e gad ol iyl 8o WS (puad (Sar Aleal) clipdsll 3
gl Lauslic LY 038 Jray Adldal) Clyginse b 38N Satl) (f LS . cilig) gy s Cpnds lanil)
1) Adlle el gl all e e pldl) el g pSIY)

Gl e e Cun cdyyall Aalall) dadar 8 Llled (e b dipyla cidli o ol diph j .4
i) A0y 4l gl alatind e i) llual) Japad ae (Al 28Dl il gise

journal.tishreen.edu.sy Print ISSN: 2079-3057 , Online ISSN:2663-4252
37



Tishreen University Journal. Bas. Sciences Series @ 2024 (6) 232l (46) alaall &l alall 0355 dasls dlae

Sila gl

Jia) Adlide A5k s 3 (A Sl o Lo Tngial) Gl 5 Ay paall 2sall 3 a1
A giie dalail 8 il 50 agdl (b sall oLl Syl

L ailadl) o Sl clagiall o dgy0lll Grgmll il Cany Sanr Aoyl Cigaall Aldpn .2
il 3 Gt sl Les Ayl

Az b e Aldl) ALl Cagylall ol Aadiyall jhall culagy 58l A A Jalse ey .3
Allad)l ks 8 dals dad)ll

(oS Sas sSaall ol Al il gal) Luld Jia) dulane cojlas ehali (g ylaim cupad oslas .4
Aplual) z3lall A8laae 3 Lee cleal) bl g dpplall il 43508

gl A, Syl edlelall S Jilad) e o sl @il mead zila skt dgluall Z3lall gaeas .5
(DFT). 4806l Zuada gl) A1) 401 Jie Ladiie dpln (35 aladinly

sieay) ) Al el Ailea 38 Ate ] apecail delial) Ul pe oglall S5eir Lelia cligls .6
el Balyys Callsll Qi e 35w oyl

Reference

1. Ashcroft NW, Mermin ND. Solid State Physics. New York: Holt, Rinehart and
Winston; 1976.

2. Harrison WA. Electronic Structure and the Properties of Solids: The Physics of the
Chemical Bond. San Francisco: Freeman; 1980.

3. Kittel C. Introduction to Solid State Physics. 8th ed. New York: Wiley; 2005.

4. Mahan GD. Many-Particle Physics. 3rd ed. New York: Springer; 2000.

5. Slater JC, Koster GF. Simplified LCAO method for complex lattices. Phys Rev.
1954;94(6):1498-1524.

6. Kohn W, Rostoker N. Solution of the Schrédinger equation in periodic lattices with a
perturbation method. Phys Rev. 1954;94(5):1111-1120.

7. Ham F, Segall B. Green's function method for lattice vibrations. Phys Rev.
1961;124(6):1786-1796.

8. Wu H, et al. Enhancing thermodynamic properties of thin films: A study on nanoscale
lithium layers. J Nanoscience Nanotechnol. 2023;23(2):75-89.

9. Zhang L, et al. Thermal and electronic properties of lithium-based materials for battery
applications. Adv Funct Mater. 2023;33(12):2207-2219.

journal.tishreen.edu.sy Print ISSN: 2079-3057 , Online ISSN:2663-4252
38



