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Abstract

In this research we study vibration modes of Formaldehyde molecule theortically by using
restricted ab-initio methods.geometry optimization of the Formaldehyde was obtained depending
on the Hartree- Fock (rhf) equation for restricted system by using STO - 3G basis sets.

The eigen value was studied , as well as the molecular orbital calculation and energy level
diagram appears that paired electron . The modes of vibrationes were calculated under the
steady state geometry condition and presented in graphically with frequency,intensity and
symmetry for each mode.

Final level HOMO and energy value Enomo = -9.642789 eV while symmetry of this level
was 2B2 ,and the first LUMO with energy value E; ymo = 7.676093 eV with symmetry 2B1. The
absolute value of the final level HOMO gives the lonization potential which is equal to
(9.642789 eV) , while the first level LUMO represnt electron affinity which is equal to
(7.676093) eV , and the Fermi level energy is equal to 17.318882 eV

The total energy of Formaldehyde equal to (-3057.151742 eV) where calculated by
Ab-initio method compared with different semi-empirical methods, and we represente the
electrostatic potential and charge density distribution in 2D,3D.
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Atom | Z Charge Coordinates(Angstrom) Mass
(Mulliken) X Y Z
@) 8 -0.187937 0.04357339 1.48777246 0.000000 15.99900
C 6 0.07487 0.08612054 0.27170697 -0.000000 12.01100
H 1 0.056449 1.03362727 -0.29045677 -0.000000 1.00800
H 1 0.056610 -0.81878334 | -0.35557717 0.000000 1.00800

Ay Y Aall) £ gana A 5 AN A8 : Leia | AD-iNitio J) lluay 5 Al judl) (ailadll (e Glua o3 LS
oo L e s al il oda cp (2) Jsaall | A sl Al A8y | bl o e | ) aga ) (LY il dd

& &S )Ee 5 Ab-initio 48k algalle ) 8l 44 jad 404 5l pailiadll (s Clus (2) Jsaa

Aalida Gy a0 ok
IS Ab-initio (A ad 4us (33 k) Semi-empirical methods
o (present work) T MNDOPMZ | MNDO-AM MINDO/3 MNDO

Quantity (Reaiiunallidy Sl [29] [29] ! [29] [29]
Total Energy (eV) -3057.151742 | -442.70684 | -475.58530 | -467.17007 | -478.1192
Electronic Energy (eV) -3902.997869 | -833.75459 | -864.24898 | -841.63125 | -870.7249
Core-Core Repulsion (eV) 845.846127 391.04775 | 388.66368 | 374.46118 | 392.6057
lonization Potential (V) 9.642789 10.64589 10.78279 10.73701 9.66154
Dipole Moment (Deby) 1.5370 2.190 2.817 3.316 2.636
No. of Filled Levels 8 6 6 6 6
Molecular Weight(amu) 30.026 30.026 30.026 30.026 30.026
Zero Point Energy(eV) 0.85178086 0.7103088 | 0.792045 0.795992 0.824046

A8 5l (LY a4 ae Ay iKY A8 £ sans e Bl oo GAll) LD A Gl oSle ) Jsand) (e aadl
Ay hall o3¢ 1)l il JiS) Lelaag Lae 5 AV A el 4l @1kl e 53 S8 AD-initio 48 sk 4 suaall 4y jadll
ok Y dams | (Energy minimum) 48Us J8 LSOl ga 33 jall ) Jajd (S s ,AY) B3kl ae 45l
Gl 5 SV A grdiall il jlaall ae o) JaaS | (Ab-initio) deadiuall 4, jlall & Cluall 3 cili s KNI aen liic )
Al SN e Jalai L35S (6 levels) ase s oAY) Gkl gus (3 YU 5 ) Gt S (8 levels) (4
Sy uleallay @ll 8 C = O 3V 2535 Oy, L)Y Gl il o Lplua o S Aagall paibadll
gereaion Ml 5 A5 el a2 4 5) a1 La¥) aaat L Lega |50 (Sl Sl Lo 3585 5 pua¥) Jsha alyg daga i
A L A0 ey Ll aae 8 dad 43 all o)) L | el gealdl Cand 4l (aliaiel dihie (paa 3 jaee Clad i gl
A3 6 (g sbon L A i) Balai¥l) aae (ld 53 4 (g s algaallay sill A jal N @) S (3N-6) s2e @) o g Tl

Lilia 5 Llai) o3 (aw (3) Jsaalls | (Bending ) bl Jiai (s ,AY) DN 5 ( Stretching) bsiel Jics Lgia

s3ad) | 5380 e AD-iNitio & s a3 Algaalle sl 5y Al LY (3) Jsan
b IS Jilaiy haaill g 55, (o sall Jshall | o sl

No sl ) iy aa il sl Jshall Ll ¢ ¢ Jikadl)
Intensity | Vibration frequency Wave length/A(ut Types symmetry
km/mol o (cm-1) m) of modes

1 6.18773 1278.22 7.823379 bending 1B1
2 29.53131 1398.07 7.152717 bending 1B2
3 414281 1766.97 5.659405 bending 1Al
4 8.45492 2098.34 4,765671 Stretching 2A1
5 1.84639 3498.61 2.858278 Stretching 3 Al
6 19.78542 3645.85 2.742844 Stretching 2B2
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zas WS | (7.152717 pm) asel Jshall S Laaill 3 (29.53131 km/mol) & 325 abiel o o3e) asill oh
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C(3) Ui o Oy Ly DAY 5 @ iy ol 405 By Hlal) 0 a0 (4) Jsaall 5 i m HAT) 0l ladl)
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@9 MNDO/PMS3 4y sy casess ), Jaai JS Jialig

No sadl) @) yayl s il > sall Jshall Laill g 5 Jiladl)
Intensity | Vibration Wave length Types symmetry
km/mol | frequency I (um) of modes

1 20.52 1069.51 9.35 bending 1B2
2 0.011 1098.36 9.10 bending 1B1
3 4.42 1288.41 7.76 bending 1Al
4 67.16 1987.49 5.03 Stretching 2A1
5 5.408 2999.28 3.33 Stretching 3A1
6 10.11 3026.23 3.3 Stretching 2B2
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A
: 1
Normal Mode:2 Normal Mode:1 e
3 Frquency=1398.07 cm* - Frguency=1278.2 cm H
' Intensity=29.53131 km/mol H Intensity=6.18773 km/mol
4 Symmetry=1B2 Symmetry=1B1
* 4 * 3
=L B [ - ol
Normal Mode:4 T _ANormal Mode:3
i Frquency=2098.34 cm™ .. <~ Frquency=1766.97 cm
i Intensity=8.45492 km/mol ="~ Intensity=4.14281 km/mol
w Symmetry=1 A2 L -aSymmetry=1 Al
6 5
Normal Mode:6 \“-‘ ," Normal Mode:5 \ .
Frquency=3645.85 cm™ " Frquency=3498.614 cm™ ",
Intensity=19.78542 km/mol m Intensity=1.84639 km/mol Y
Symmetry= 2 B2 5, Symmetry=3 Al

S5V g sis A yad) Jila 5 52l 5 Jaas JS 23 5 dad (s el il &y 3ad 43 5iaY) Bla¥) Caa s (3)JSE
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L 3all )3 A ja Cana s Al e Jy Lae A s AL agu¥) clalad) o) (3) IS e JsY) Jaadll 8 a3l

Canl 4 Gasgd SO bl W) | daadll 13a 20 5 A8 @l g ~ e 0 Hyper Chem gl o jeday ol I Jaaill 12a 8

3 o sall skl 138 die Allad 4550l 3 C=0 Jiis SN e sama 5S35 Blal) Al e 525 S lliey 431 aliaidl

LA sl JIsha aall (g 28 C=0 de senal algaalle ) dll Candal 30k alac) 5 bending slisd) Alls 85 3040 038 2ic
. (7.1-7.8) um

2l gsbd =l w555 (Total Charge Density) 4SH Zasdll 48U Lliad &5 Al gAY pal sall (1

(4) JS8ll 3 S5 3D ol 43365, 2D (pamn Leem s Algaalla ) 58l 44 3ad (Electrostatic Potential) (oSt s S

.(5)s
A i e, 3D
] [ i%
/i *
/ N
/ |
il KR
|
/ , N
AV L R
FA7 I i
S HRR
Il | T /! 1]
Y /
‘}:‘\\ F—at
3D slagl Dy g, 2Dt dilgualla o8l Ay ad Al Adauddl) ABUS 565 Jilal (4)JS4
3D

—_— ——

[~ o

3D sl Ay, 2D pnes gl sil) A Jd (Siian s S 2] (5 s gebaan Sl (5) S

Bl b el A G am Al el Al A e et 01, il el (aS A ofiega (likia Sl
i 8 A eSl ALl 8 s Laadd o (4) JSEN (3 el 353 (5 sl el ) S (o Al e
S, ennS Y a5 () 8 SISV A oS bl <l s e Al dind iy 13 5 jealil) g 5KV gludia
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el sad Qi Al sl e S ol (G 8)JEY) Al el Al <y A1 o A ge e disd
3)3@3}&\)&3\&\_\&)‘.&\ C:OALMM}Y\BJJJPQDSJL}M\ AP}(4) M\@d}ﬂﬂ@}ﬂ&\
A (g Adlad) ) ) peaiall (g AN 2aal) 3 H LIS 1S 5 | H 5,0 Jsa dashadll (e JiS) ada glad (gMl5 | amy e C g X))
S5 Sl agadl o) Al 5eSl aga G el QUi ) sV G sSis A Al WU )Y G Jadaill dais, Lo ghaal) ala 33
(5) JSall5 | Slin g 5eSI) agally aSadiall sa A 5al) e Sl SV a5 58 o Cus [C=0 Ao sane dsa S50 Cogu
Bl dagi oAl (8 AL 5 A (Blalie (8 A45S L shady Jlay odll 5 Sl el agad) agall (5 st mhau mua s
Al sl (e Lo g3 et Leald Al diady 45 sadie il JISIV) g A 5o 400 eSS Aiadly &sadie s 5l O Can | Al
bl A gl algaalle ) sall 4 a s daa gall y Al Glialll 3 da) Y1 03 dagiiy | ) Legiandl A
L QU8 ) Ll (Sl g SV QA g dad) Qdlaall s (58 Bxie (Oscillating dipole) «ial)
SISl il b aals A 5 KV (o gl ()55 staal) sy Jall 8 Aiaall Q) gall LY

& Ab-intio A&k Cuva ) degall (ailiadd) (e 40 jal) @l jlaall 438011 (eigen values) 4l aall Sl
Ugrdia Al e Gl algaalle ) 8l 45 a i Cum | Sl SV A gdiall e 5 45284l (Orbitals) <l Gl
Evomo= -) 48l Jlxies (HOMO) dside Gy Jlae ol Jim ssinme dyls, Agnde 2 )l s Gy NG
@singY gl Jgdia e in e Uag) Jied Asaiidd) pe <l laall e Jlae Uagl Ll 2B2 alila Ll (9.642789 eV
(LUMO) _lae Us sl 28 e o5, 2B1 4lilsi s (Eymo = 7.676093 V) 4l lxie s (LUMO) s siSH e
Slo it Agdall ljlad) oy . (7.676093 V) (ssbud a5 SN A ol ol |, (A5 AdY) ik Jiad
lonization ) ol aea e Joans Jgadiall laall A8Ual ddllaal) Aadll ) die 5 (Spin-pdl)elad¥l GUliRy (i g <))
(1P = 9.642789 V) (555 5,3 dasijo 05 S o5l 2 233 28U a5 (1.P) = 41 Sens (Potential
il 5 AUl i siusall 028 o G (5) Jsaadl

Symmetry Energy (eV)
7A1 24.837145
3B2 19.988840
6 Al 17.101551
2Bl1 LUMO 7.676093
2B2 4'/ HOMO  -9.642789
1B1 __4|/ -12.057920
SAl 4|/ -14.841902
1B2 4|/ -17.223568
4 A1 d | -21.978750
3Al 4-'/ -36.391129

2Al dl" -302.728210
1Al dll -552.734314

Lebilai e LUMOU st el Ua sl s HOMO Jsaiia Jlae et (s agaalla sill 4y jad 48Ul < gise Cia 5 (5)d 52

leiad Al Laghy A8l 3 9ad Clua (Ko Bl LUMO 5 HOMO (sl o gy (31 a yd (5 glse 2aaTy g
(0 (ay ill lada (17.318882 eV)
. AE=ELumo-Eromo
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Conclusion «latisiwy)

Go D)l Leie VW1 AR | 4, 3) el Al Jalail 43 (3N-6) cllics Lba 43y ja HoCO lenalle sl 45 5a
. (N-1) s (stretching) (hlaial ) 3al gAYV A3 5 | (2N-5) 320l s (bending) il g s
e (e s AY) Adlidal) A el i @kl e alias (Ab-initio method) leall L deasivall 45 Hlall o
- G——A}H\}’
el o clelusae ) Jad 48 plall o3 (s B Al sae HamY Al gAY @kl e Jghal g 3L L) -]
A3 5l 4 Sl @l Al aae e (el s
Ll da ) Glo adiady gAY @k (e 48y ) gl By JSE Ay ) s 45 )3 AVl ddlaial) Gllual) aed D
el UL 33el ana g 5 1Y)

, bl b il Y1 an e ki 30 5 canding (Ab-initio) 4 &k ¢S 2 s S5 Jo¥ sl o
Gl (e | cdlalSil gl 518 Jlaal sl (s Aol (e 4l 4 58l Gl sall ol 5 alail) S0l Caia gl aaaiud g8
Aalee il ) lanY Ll LS| HUail il slaal s, 35 SOV a5l 5 a5l (pal 531, cmagill A g SSIVI LS
. dasd daa LAl ol pladdl g SN ae Jaladii (5 AY) A jad apdl) G jhall s ) Jshal 5 AL g8 GlIY

LS| J8 g cdal bl e pu) LS ael @) o e JBY) & (STO-3G) deaiiaall i) 3228 ) LS
C S AY) ) 8 (e s JB)

6 A il aud @kl ladse cpa A Glig SV aes s Ledaladl &l jlae 8 iy yiSIVL A galiall il jlaall 2o
(1.P =9.642789 eV) (s sbus 3,alL i ya (55 S0 (G ) ol A 3 AL il lae

G A e )il ) (55 Wl (5 AYT GBI m S B Ay Ll e IS 8L ) LS
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