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s HOMO

LOMO EN = -(EnomO + ELOMO)/2

S gl e Callal) -8
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2 Gussianview J) gels y pla3ul 6-31G 15y B3LYP s DFT J) plasiul o5
Daall (aay siiall 5 Gl 811 (e ) siall) A s saall Sl a g S (aibiadd) clua
O siall (e A1 Asnia A0} Jae o Coa (025 5 pdnn 5 olall 3 g 0 () SIL
Ofalall 5l Sl a5 () S

Structural properties : 4SS Al gal s31) 2-3

(1-3)ds>
il S 5 (Metformin (M)) e s—isal) sl ol L) g3l ay 85 5 cal 5V Jl 5l
(Graphene(GR))
compound | Bond Value/ A | Bond Degrr
Length Angle
C-H 1.091-1.103 | H-C-H 107.608.110.046
C-N 1.392-1.469 | H-C-N 110.249
C=N N-C=N 125.649
Metformin
N-H 1.027-1.006 | C-N-N 119.49-129.60
H-N=C 113.757
H-N-H 117.657
C-C 1.42 C-C-C 120
Graphene
C-H 1.20 H-C-C 116

Electronic properties : 435N yal sal) 3-3

HOMO a8la 5 4 Sl d8Uall S g Janll 138 8 335 yiSIY) Gailaddl (azy Glua
(s AL Jsadia e las J8) LUOM 48Ua 5 (il s iSIVG J gadin i el)
o allal) 5 A La S o gl 5 Al A DUl 5 4 5 ESIVI 4G g i) aga 5 AEUY) 5 s
Ay ke aladi iy Gailaadll oda b Giadll o5 Ay saall STl Al s 5l 5 daus )
ELEN
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Geometrical Optimization : 4swaigll 48Y14-3

Tlae 3o 5 08 (GR) eS8 dai s (M) G siiaall 4 jad pmstigh Y] lasa
s oot (1-3) ISl 513l ) (GR-M) ¢l -SH ae (e s-iiall 33l ) kel
3y Sy riaall () yiaall 5 () S 5 Cyan s siiaall (pa IS g5 SN (il
2 punall (ailiadl) 0 e 5 (2-3) 5(1-3) Jshaadls ) ieY) tie 53l 35a 5 ade 5 el

Ak Ak 3 &
2l “ i i 9
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R0 e -
* 9 |} a‘ ’
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e giaall )) A g pal) Sl Al A g SN aibiadl) (ary (2-3) Jaad)
C (02925 pdm g plall 2 g2 gy () SN e Jhaal) (e sdinall 5 ) ) S g

Compound Symbol HOMO/eV | LUMO/eV | Egap/eV | Etotal/ a.u.
Graphene GR -4.5932 -2.4163 2.1768 -1075.268
Metformin M -5.4476 0.8925 6.3401 -432.661
Metformin-GR | GR+M -4.4680 -2.2938 2.1741 -1507.940
Metformin-GR

GR+M(w) | -4.6993 -2.5224 2.1768 -1507.957
/with Water

) Ol 5 Ca siaall )) A g pdall ) AL A g SN Gailuadld) any (3-3) Jgall
L (03525 pmg slall g2 g bl Sl aa haal) (e gilaall

Compound EA/eV |IE/eV | X/eV W/eV | S/ev! H/eV
Graphene 2416 4.593 |-3.504 |5.642 0.4593 1.0884
Metformin -0.892 [5.447 |-2.277 |0.818 0.1577 3.1700
Metformin-GR 2.293 4468 |-3.380 |5.257 0.4599 1.0870
Metformin-GR

2.522 4.699 |-3.610 |5.989 0.4593 1.0884
/with Water

(Total Energy (Etota 4! 43kl 5.3
LS5 pa Hsda 5 jualic ol dlal e (5F (e ) seiinall dludis 30y 30 20 A8l ala 35
aind L€l g ¢ pilea S i g SV dae e aaiad 20K 28Ul (4-3) JSEN b e s
s o IS oy Il AUl ualSad) o4 4ISH A8 o Jay 138 5 ey jadl 4 DU ausa sl e
O Al all gt iy dall 8 5 IV aae ae e S0 A AU s
) g5 A8l 8 DAY o @lld aa s SIS)cl AN aae (Y 81 A8l Lgpal iy sl
Aaldae dagiill o2 5 1) jiial STz ¥ (6 sl Jrag Laa <l 3 o328 (Lol ) 2 5a

AL Ll Cullial (50 A (e siee A 0 oD 5 [104] s 225 Wl
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3 Bl (6-3) Sl (e, U (e Lslaon 3 31 [Ghaleb, A, et al ] Gse sl
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Hardness(H)/eV
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Summary
In this work, the structural and electronic properties of the substances
metformin and graphene were studied in their pure state without
additives, as well as the effect of adding some radicals such as OH, NH,
COOH, and 30CH on the structural properties of these materials. The
electronic properties of these two materials were studied, which included
total energy, energy gap, ionization energy, -electronic affinity,
electronegativity, affinity with the medium, and chemical hardness and
softness. Density function theory was used and the compatibility between
the two theories was shown for the value of the energy gap. This material
is very well known, as metformin is used in the medical field to treat type
2 diabetes, meaning that it works through the body’s insulin response. As
for graphene, it is used in many industrial applications, in electronic cell
processors, and other technologies such as communications, photography,
wave detection, and weapons detection. One of the strongest materials
known, graphene is a single layer of carbon atoms evenly arranged in a
triangular lattice. Graphene is used in many industrial applications,
including the air conditioner industry, where it is used to improve the
efficiency of air conditioners and reduce energy consumption. Metformin,
sold under the brand name Glucophage, is an oral hypoglycemic drug in
the biguanide class. It is the first line of treatment for treating type 2
diabetes, especially in people who are overweight or obese. It is also used
in the treatment of polycystic ovary syndrome. It is not associated with

weight gain, and is taken orally
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