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ABSTRACT

It was a theoretical study to calculated values of ionization
constant of a group of amino acid derivatives using five methods of
guantum mechanics for the purpose of comparison, two methods used
semi empirical represented by a way of AM1, PM3 and the three
methods used ab-initio basic calculation methods :HF, DFT and MP2,
the compatibility of these methods with chemical bases known by
discussing the theoretical variables were calculated by the five ways
mentioned above, The results showed that the ab initio calculations were
more accurate than semi empirical method which were created
relationship between physical variables theoretically calculated with
each other and determine their nature. Then link between these variables
with known chemical values of amino acids ionization constants PK1.
Results obtained through this relationship was good and that's what
indicated to him the results of statistical analysis through correlation

coefficient values, including the method of the DFT where it was
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(0.9@9«)-«:&7’1’6 the method of the PM3 (0.998) record and stander error
(0.592), as well as the large overlap between PK1 values calculated
theoretically with practical values. The difference of (0.008) for these

results enables us to apply these variables in further studies.

Key words: amino acids derivetes, computational chemistry, ionization

constant.
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N-acetyl glycine
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CH; CO_NH_CH,_COOH

N-acetyl alanine

ZT

i

CH;_CO_NH_CH(CH;)_.COOH

N-acetylbeta alanine

CH;_.CO_NH_CH,_CH,_COOH

— ~
d

Iz

N-acetyl asparagine

CH; CO_NH_CH_(CH, CO_

(NH,))_COOH

N-acetyl glutamine

CH; CO_NH_CH_(CH, CH,_

CO_NH)_COOH

N-acetyl lycine

CH;_CO_NH_(CH,); CH(NH,)-

COOH

N-acetyl histidine

CH; CO_NH_CH(CH,_pH)-

COOH
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Charge on atom

o1

c4

NS

H6

-0.301028

-0.350879

0.288915

-0.011453

-0.403800

0.243231

-0.310771

-0.362440

0.297652

0.030367

-0.396023

0.242134

-0.294816

-0.364396

0.308004

-0.010425

-0.397456

0.239368

-0.282489

-0.346674

0.292512

0.021914

-0.379647

0.246062

-0.317164

-0.339469

0.296396

0.043684

-0.409001

0.248660

-0.300622

-0.320211

0.312353

-0.016250

-0.390533

0.276642

- (-01,0Y,C3,C4) Charge in carbonyl group in Coulum.

-0.462807

-0.351204

0.388320

— ( N') Charge in amine group in Coolum.

- (S.E ) Steric Energy in Kcal / mole.

- ( VDW) Vander Waalez interaction.

0.031297

-0.388767

0.352607

e Charge on atom . Dipol-

o1 02 C3 C4 N5 H6 Dipol VbW
1 -0.291708 | -0.383921 | 0.360410 | -0.073720 | -0.029133 | 0.226760 | 0.0840 | -0.1220 | 0.8437
2 -0.301667 | -0.365108 | 0.369705 | -0.070675 | -0.016970 | 0.227741 | 0.1749 | -0.1874 | 1.9922
3 -0.284185 | -0.401223 | 0.380351 | -0.068187 | -0.026807 | 0.222182 | 0.1310 | -2.8717 | 1.7817
4 -0.268661 | -0.381444 | 0.366715 | -0.073976 | -0.010448 | 0.226617 | 0.2700 | -4.2850 | 0.1940
5 -0.303421 | -0.372839 | 0.367570 | -0.054807 | -0.039168 | 0.231365 | 0.3739 | -2.5429 | 1.1556
6 -0.305727 | -0.361548 | 0.380560 | -0.07994 | 0.000197 | 0.247517 | 0.4807 | -5.4252 | 5.3682
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7 OW -0.382556 | 0.436875 | -0.061550 | -0.024157 | 0.323591 | 0.3899 | -0.5245 1.0688

PM3 &by Agiae) (alea) cliidial Ll Ay punall Ll clpiiall (3) Jsaad)

MP2 & by £ia¥) Galaay) ciliidial Ui & gaunnal) Aglyl) clpiiall (4) Jsaal

Charge on atom

o1 02 C3 C4 N5 H6

-0.710548 | -0.578989 | 0.785110 | -0.215510 | -0.799055 | 0.475720

-0.731920 | -0.566154 | 0.790202 | -0.043574 | -0.827140 | 0.475307

-0.705043 | -0.592778 | 0.777117 | -0.126622 | -0.810725 | 0.469785

-0.702138 | -0.575947 | 0.787875 | -0.081013 | -0.796795 | 0.478847

-0.733866 | -0.576371 | 0.796402 | -0.064225 | -0.822884 | 0.479552

-0.745056 | -0.583287 | 0.803366 | -0.122909 | -0.800292 | 0.516792

-0.765578 | -0.572825 | 0.824879 | -0.055088 | -0.830406 | 0.532960

Charge on atom Dipol-

Comp. S.E VDW
o1 02 C3 C4 N5 H6 Dipol

1 -0.560382 | -0.464514 | 0.594576 | -0.227489 | -0.578587 | 0.417816 | 0.0840 | -0.1220 0.8437

2 -0.581991 | -0.457038 | 0.585473 | -0.034567 | -0.607007 | 0.416435 | 0.1749 | -0.1874 1.9922

3 -0.559950 | -0.475327 | 0.584087 | -0.136717 | -0.591676 | 0.412180 | 0.1310 | -2.8717 1.7817

4 -0.555062 | -0.459604 | 0.573284 | -0.045405 | -0.572313 | 0.412993 | 0.2700 | -4.2850 0.1940

5 -0.583542 | -0.465974 | 0.587354 | -0.056370 | -0.601028 | 0.419554 | 0.3739 | -2.5429 1.1556

6 -0.591233 | -0.478245 | 0.610257 | -0.150427 | -0.581356 | 0.433614 | 0.4807 | -5.4252 5.3682
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79‘@3!@ 5533 | -0.446202 | 0.560188 | -0.005896 | -0.611703 | 0.420653 | 0.3899 | -0.5245 1.0688

DFT 48y,h; Luia¥) (laleny) colidial Ui Ay geunall £l 3dl) clpitial) (5) Jgand)

HF &by Y1 Qaleay) cliiial U tai 4 gunal) Ayl 3l clpisial (6) Jsiad

Charge on atom

0O1 02 C3 C4 N5 H6

-0.710548 -0.578989 0.785110 -0.215510 | -0.799055 0.475720

-0.733192 -0.578540 0.799199 -0.046267 -0.821777 0.480483

-0.587822 -0.635418 0.735728 -0.072354 | -0.758659 0.465769

-0.719053 -0.581773 0.798438 -0.027854 | -0.729046 0.474721

-0.733866 -0.576371 0.796402 -0.064225 -0.822884 0.479552

-0.581773 -0.719053 0.789524 0.789524 -0.805247 0.474721

-0.735658 -0.554481 0.770745 -0.014728 | -0.830093 0.479695

Gl 8l a5 55 8 DAY e 52 4 laall o2 b salaic ] g A g kil ()
el il a j 55 (A SV oalall ) ¢ () Jallde i) 38 e b e al e
AT Gl e sl 13 Badiaa) A8y lal) gl 50 i Jelall S e 8 il Al
A (e cilia &l G A8 Ay a3 288 Juadl JS8 il 5 @l 028 a5 Ja
ol (34 Hhall (e 44 Hha S Qs n-acetyl glycine S 1 (01,02,C3,C4,N5)

() JSEN 8 e LS
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g —--02
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© 0270 6
A
0.4 -
4= N5
0.6 -
0.8 -
_1 J
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eadll gilallyg Jalaiall CpdlS Jabd— () GiSyal Jo ) JSpa @ld o cliadk (Y) JS&

5 (MP2(3)) s sy Lo sanall . llin S 02 o 8 ol o ISl 1o gy 3]
(AM1(1)),(PM3(2)),(DFT(4)) G e i) f e 13 Lo au Y1 & (HF(5))
Leie Alianall aliill Jamy 5 a5l JS alaaindl Leda 55 (3 5kl A8y (e 1 Jaay e 128
O sl it e Jlaall 138 8 26l [21] colusl all e (385 138 5 "aiat 5 28y S|
A g ALl 3 (S W1 5 C3 (G S iy 8 ulaef L S elld g ol ) il
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Spatial Effect :£1 4l qui il il
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By Jale Lgia Jo¥I ¢ dilida Jol 5o 408 aSaii 31 5 &1l 8l AN a3 595 AsieY]
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Al e A ll) il ey AT 5 8 00 Lo e sy iem s saed) esl 31

leboa &35, (VDW 1-4) g5 e Ollauils cdlalx dila (S.E) due) il ddley)

oalaall & deldll S e o A gl aadlaall dioad G LA Cua ) £35S
L (1-5) Jshaall o da yae ol puiiall o3 ad | dsl all 28 dyisaY)

e a5 e il e V) Aa Gad ) BaadU (0-1)Jshaal) i kil (8% s

QY\&_\:\S‘).\S\ M}MM\:\LM\&\MEJD)

Comp. (1) () (3) (4) Q) (6)
SEE 00840 0.1749 0.2700 0.3739 0.3899 0.4807

e 3 oa A ) al) ABle ) ddla A g Jaa D VI Qi) - S e A W

Jil il (558 S S5l cpn o)) 81 ad € Al 0 W) i

liads (0.1310) oY) Gy il Sl el ,dll GBey) Gl daf S s
. (0.1749) 0¥ Jilisal- o S

el Al Al diasmall de senall s Coglim N NG aE) Ll W

0S5 (inter-molecular) sty pali o588 Al LS pall e alaie YL @l 5 LS pall

L e )aild Al (<88 (intra-molecular) e OS5 Al LS all e ) ) il S
LS

GAY @kl dlasdl bl e ey oded oS &0 L )
g P2 el il of e S5 13 5 Lalasind &3 5 (AML,PM3,MP2,HF)
Ay yeall Al Gund)

AM] &y oy Lpisa¥) Galeal) coliiial Uyl Ay gunal) Al clpiial) o (7) Jsaal

Comp. HOMO LUMO n i W
1 -0.37997 0.03559 0.20778 0.0861 0.017837
2 -0.37930 0.03036 0.20483 0.08724 0.018576
3 -0.37292 0.03069 0.20181 0.08556 0.018137
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-0.38286

0.01532

0.19909

0.09189

0.021204

-0.38032

0.02639

0.20336

0.08848

0.01925

-0.37417

0.04854

0.21136

0.08141

0.015678

HOMO

LUMO

n

U

W

-0.36309

0.02790

0.1955

-0.1676

0.071838

-0.36224

0.02317

0.19271

-0.16954

0.074575

-0.35436

0.02276

0.18856

-0.1658

0.072894

-0.35912

0.01580

0.18746

-0.17166

0.078596

-0.36357

0.01889

0.19123

-0.17234

0.077658

-0.36512

0.03654

0.20083

-0.16429

0.067199

HOMO

LUMO

n

I -0.32953 0.01251 0.17102 | -0.15851 | 0.073458 I

MP2 45k Lia¥) (alen) ciliidial Lylas Ay paunall £l cifpiiall ab (9) Jgaal

U

W

-0.39826

0.16989

0.28408

-0.11419

0.022949

-0.39349

0.16586

0.27968

-0.11382

0.023159

-0.38377

0.16613

0.27495

-0.10882

0.021534

-0.39600

0.15203

0.27402

-0.12199

0.027152

-0.39497

0.15803

0.2765

-0.11847

0.02538

-0.39244

0.17485

0.28365

-0.1088

0.020865

-0.28542

0.13363

0.20953

-0.0759

0.013745

DFT &y by Agbaa) paleay) cliidial Uyl Ay guanal) 48Ul cifpitial) b (10) Jsaad)

HOMO

-0.25080

-0.24841

-0.24032

-0.24379

-0.24923

-0.23660

-0.20671

HF &y by £isa¥) aleay) coliiial Ui ygaenal) A8Ual) clpiiall b (11) Jgaad)
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HOMO | LUMO n M w
-0.39826 | 0.16989 | 0.28408 | —0.11419 | 0.022949
-0.39404 | 0.16174 | 0.27789 | -0.11615 | 0.024274
-0.38417 | 0.15641 | 0.27029 | —0.11388 | 0.02399
-0.39511 | 0.16183 | 0.27847 | -0.11664 | 0.024428
-0.39497 | 0.15803 | 0.2765 | —0.11847 | 0.02538

-0.39511 | 0.16183 | 0.27847 | -0.11664 | 0.024428
-0.29322 | 0.14920 | 0.22121 | -0.07201 | 0.011721

z3saS MP2 43k s Ledany ae Ol prdall e S G 48301 alagl &3 il
L) Jglandl 8 ol ClEMall oda milis 5 dyinaY) Galaaly) culiiial g

Y48 by Ly ga i) (alany) coliiiial yguunall cpiial) cp ABlall BUEN Jalaa ad (12) Jgaall

MP

cipidl | O1 | 02 | C3 | C4 | N5 | H6 | SE |VDW | HO |LUM| H u

o1 A

02 0.396 \

C3 0.929 | 0.403 )

C4 0.463 | 0.542 | 0.432 )

N5 0.634 | 0.494 | 0.490 | 0.701 A

H6 0.860 | 0.145 | 0.934 | 0.237 | 0.248 A

SE 0.712 | 0.105 | 0.740 | 0.453 | 0.158 | 0.756 1

VDW | 0.376 | 0.276 | 0.173 | 0.077 | 0.155 | 0.400 | 0.503 1

HOM | 0.703 | 0.200 | 0.817 | 0.351 | 0.569 | 0.762 | 0.338 | 0.151 1

LUM | 0.430 | 0.381 | 0.652 | 0.548 | 0.511 | 0.478 | 0.282 | 0.553 | 0.823 1

H 0.656 | 0.255 | 0.805 | 0.415 | 0.574 | 0.714 | 0.335 | 0.261 | 0.989 | 0.898 1

sl 0.747 | 0.096 | 0.798 | 0.223 | 0.530 | 0.803 | 0.324 | 0.048 | 0.966 | 0.649 | 0.917 1

Web Site: www.kujss.com Email: kirkukjoursci@yahoo.com,
kirkukjoursci@gmail.com




Kirkuk University Journal /Scientific Studies (KUJISS)
T Volume 12, Issue 3, June 2017

7/ ISSN 1992 — 0849
’ ]
“e i

w 043u+40.004 | 0.737 | 0.102 | 0.477 | 0.791 | 0.289 | 0.210 | 0.887 | 0.468 | 0.808 | 0.976

Lt ol jaiall (amy (o Baga clBDle @lllia ()] oM ) dipall il oyl
pd CulS Cua g ySIY adall g 2 jal) asall Cua (e Lgudamy (o Loy 5 g0 8 DAL
G Sl AN o3 38 s (0.929) C3 5 01 S0 o MP2 4 ks 8 el j¥) Jalas
e 8 L5 iSO adall g ond) DA e il 3l (sae (o) 52 138 5 Lgan,
(0.989) 333all s HOMO &iay dliaiall Zdlall ol juaiall (g5 4818 Lyine¥l (alea!
slelegio JS dlaie) ) (5 32138 5 (0.917) SlaasSl agall g sadlall (s dga s
C okl A8l i a3l g HOMO 48U Lgie s <l aciall 028 L s il 5 AY) Lagaiany
(AM1,PM3,HF,DFT) 33k Lol die Lia] Clilall o3l (o jlie Jaci Jas ) i 4
el il pa Maial g MUyl 5 yedal Al jall o8 cHlENall 3 8 8 Jassy (o8 ae
Al g 4 5iSIY) 4 gusnall

4aay) palay) clitiad PK, ad clua b Leadiual) clpiall i) g laasy) Jolasl) il (13) Jgas

Method &Group | Parameter
N5
AM1 VDW
n
N5
HOM
LUM
N5
VDW
HOM
VDW
HOM
W
VDW
HOM
LUM

DFT-N iyl pKa o ciloa 8 ansioaall 73l (i 400 Alaladlly
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% z

Sarege?™ pK,=16.499+(~0.367*VDW)+(67.029*HOMO)+(71.472*W)

ol Lo aadle Sy aliall Janl) i laill e

Gy Ale S DFT &k b lple Jpeaal) o5 3 1LY alas e o

Letijlia 5 PR, dasd s (8 ol paaiall oda aladind dpeal Lo Jay 138 5 2al 5l (e Ll
Standard Error(S.E) el Undll jlaia Laf iV e Legle Juanioall ayill ae
ol LS Do) Sl 81 s 4y gaanall ) sl 5 ol gl 5 and (py A8l
i) A8y e Jumdl CulS Cua DFT J) 4 kas A Alalaial) isal) (alea ) ciliiil

Lk Adaa¥) palaaY) clitial pK, Galil cul 6 ilaa

agall @l ppaiall st YA (e Lgale Jeanal s  Slan ) Jidail) il Creadiiul
33 salall sl il e 8 g all g Ay kil agdll ol il gl 5 Cliaad dadaiunal)
(14) Jshaall 8 (e LSy dadll 330 phally s BP7830 cilaY1 e

ouadl) (il L) Galaal) ciliidial Laglsy (3 lly Aolanlly Lyslii dysnal) PK, s (1 £) Jsaad)

Comp. AM1 PM3 MP2 DFT HF
O apka | POk apk, | PR k| apK | K| PR | apKe | pK. | PR | ApK,
1 3.67 3.774799 -0.1048 3%6 3.647521 0.022479 3.67 3.806047 -0.1360 3.67 3.6444 0.02559 3.67 3.52191 0.14808
2 3.72 3.684343 0.03565 3; 3.602246 0.117754 3.72 4.010915 -0.2909 3.72 3.8064 -0.08642 3.72 3.66057 0.05942
3 4.40 4.144506 0.25549 4(')4 4.546900 -0.1469 4.40 4.010449 0.38955 4.40 4.3336 0.06630 4.4 4.30755 0.09245
4 3.99 4.016926 -0.02693 3§9 4.047115 -0.05711 3.99 4.07888 -0.0888 3.99 3.9813 0.00864 3.99 4.38125 -0.39125
5 4.43 4.476942 -0.04694 4;1 4.403677 0.026323 4.43 4.228844 0.20115 4.43 4.3814 0.04854 4.43 4.22830 0.20169
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P g "".‘b
A
A
Py, ‘,‘q";

<
%,
Gy e
6 212 2.173749 -0.05375 2é1 2.124652 -0.00465 212 2.150464 -0.0304 212 2.1147 0.00524 212 2.22361 -0.10361
7 7.05 7.090588 -0.04059 750 7.010955 0.039045 7.05 7.089985 -0.0399 7.05 7.0690 -0.01907 7.05 7.05617 -0.00617

- pKy Experimental Values

- pK,"  Calculated Values

- ApK. = pKi - pKs~

il Cul 5 ad el Bl a0 Alaadle Sy Jslaadl eda ) laill e
sl cliiial DFT J) Ayl Gl e Alasiosall sl ae 4 ki 4y suaall pK,
Gl ) Cua aill o2 Clia b deddinal) @ il 483 e Jaby 135 Alalatiall 4y
Gl & oy Akl ol Cul 8 o all e 8 alill 3a) DFT J) 4k
ab initio  Awla¥) clbluall @lylas 6 dale ) geary Sludl) 0 dasiill
semi  Awoadl 4ndll clleall @bk e @il Leailss cals (MP2,DFT,HF)
L Uall) Ao g miliil) 3015 Jumdl DFT JI ks ciae | 5 (AM1,PM3) empirical
@Y ALl G (e il plail) i (S5 1aa AL

DFT>HF>MP2>AM1>PM3
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