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Determination of loperamide hydrochloride
by a potentiometric method using modified

carbon paste electrode
Abstract:

In this work, a potentiometric method was developed for the
determination of loperamide hydrochloride in bulk powder and in
pharmaceutical preparations by using a paste-carbon electrode
modified with an ion-pair complex between loperamide
hydrochloride (LOP) and Phosphomolybdic acid (PMA). The
optimum conditions for electrode formation were studied, and it
showed that the best results for the electrode were using DOP
plasticizer with mixing ratios: 46.5%, 46.5% graphitic coal, 7.0%
ion pair complex. The prepared electrode showed a Nernstian
response to the determination of loperamide hydrochloride within a
linear range of (0.99-183.12uM), a slope of (57.59 mV/decade), a
correlation coefficient (R?=0.9995), and a detection limit of
(0.306uM). The electrode works within a pH range between (2-7)
and a temperature range between (25-60) °C, and with a response
time not exceeding (15 sec). The electrode life was extended up to
60 days without noticeable changes in the latency value. The
method was successfully applied to determine loperamide
hydrochloride in the purified state with a retrospective range of
(98.969-101.767) %, and the RSD% did not exceed the value
(1.638%). The method has been successfully applied to determine
loperamide hydrochloride in pharmaceutical preparations.

Key words: Loperamide hydrochloride, Phosphomolybdic Acid,
Carbon Paste Electrode, Potentiometric Method, Pharmaceutical
Preparations.
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140 -
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100 -
80 -
60 -
40 -
20 -

E, mV

20 3 4 5 6 7
PC op
gmal) pailad b calall gai 450 (2) Jed
cinall (pe Ailide Lt (g5a7 jlue Cipina 108l Aganal Bl oSl Ay
Ball (g€ st Cands ey padl) (e S e Aasbaiia L (ggmy Leta S5
mase s LS ((0.20-407.02uM) S e Jlae aa LOP 585 ANy
(2) dsaally (3) Jsal 4

160 - Gl b 58 530 Sine A
140 - panall
e Y \
120 - E——vA
e O/ ¥
100 - i Y £
> e Y ©
E80 . g Y
260 - e
= %A
40 - s O/ 4
VAR
20 -
0
20 ° > /
PCop

llatl) (gpuual) Gailiad Ao 0518l Aisara qusii il (3) Jsad
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Aatl) (gpuaal) et o 00l Aisana i Ll (2) Jsaad

Alitasl) oAl (WW/W) %6 a5

R? bl Jlaal) (S) Jual) p | DOP ) 2
uM mV/decade e | ©

0.9704 3.85-51.3 7.49 1.0 | 495 | 495
0.9921 2.91-76.2 12.46 20 | 49.0 | 49.0
0.9857 2.91-76.2 22.46 3.0 | 485 | 485
0.9946 2.91-51.3 34.53 40 | 48.0 | 480
0.9968 | 1.77-112.12 37.93 50 | 475 | 475
0.9985 | 1.77-112.12 45.77 6.0 | 47.0 | 47.0
0.9995 | 0.99-183.12 57.59 70 | 465 | 46.5
0.9994 | 1.77-112.12 55.33 8.0 | 46.0 | 46.0
0.9986 | 0.99-112.12 53.05 9.0 | 455 | 455
0.9977 | 2.91-112.12 39.57 10.0 | 45.0 | 45.0

Al e daal) Aad Cylal ) & S5 o3l dine (e 7.0% ds of aag
sl hall Jlaall (V5 ey Aalae 8 Jaall kil

:G/IP alal) ) asdll daud Al -3
i e 7.0% @ity Gs) zal dae e AE A (gaT Jlue Bae e
dsaall b dannse mililly E=f(PCLop) 48l Caanys cpalally padl) (e ddlide

{(4) Jsa5 (3)
Gl ) padl G s Ay (3) dsaad
o) ,
iyl | eI e pgs | P | G%
S uM mV/decade
ec

20 1.77-31.78 56.11 0.86 | 7.0 | 50.0 | 43.0
15 1.77-51.28 57.15 094 | 7.0 | 48.0 | 45.0
15 0.99-183.12 57.59 1.00 | 7.0 | 46.5 | 46.5
15 0.99-76.22 57.21 1.07 | 7.0 | 45.0 | 48.0
20 0.99-51.28 56.80 1.16 | 7.0 | 43.0 | 50.0
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140 - —o—G/P=0.86
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100 -
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£ 80 - —%—G/P=1.16
= 60 -
40 -
20 -
O T T
3 4 5 6 7
pC LOP

Galal) ) sl A il duada (4) Jsa
o JiaY) Aldatl) pailiadl) daxd bl asdll (e dygliie cans aladiud o codiy
sl Jlaally i) (ays daall ol s

sl £13) Ciuags

tgpuall (@laad) Jadall -1

Cumy (0.20-407.02 pM)Jladll aca S0 ANY ekl ad s oy
A Adad o 4 Ailad) by 585 el ) Ve Lt S50 My
:(5) JSall & WS Liby E=F(PCLop) i) pmsy o ¢ 5:S5lly ¢y5aS)

160 E = -57.59pC + 348.08
140 - R? = 0.9995
120 -

100 -
>
€ 80 -
w
60 -
40 -
20 -
0

3.5

PC op
(LOP-PMA) yaaal) g puall L,S)L..“d\ ‘”,.'\;'ud\ (5) J=é

24




sl dabld o (bl pad 3 Q8 i 2023 ale 5 sl 45 alaal) Cad) Aaals Ao

slaa) cilSy iy ADe (& Jaall Ayl dadll (e dah dsall dad of 2ag
Slo Ju afine dalas a5 ((E=-57.59pC) 0p+348.08) Slull Lall daslll
el Ul Jadl) Jlad) o cpi LS L Sl aaSl Gy A ks
57.59 &l Jaes <0.9995 Lls)) Jalaass «(0.99-183.12UM) (i iy sl
.mv/decade

i) () -2

32 el LY Ala ) umadl) (g yusall Guliall G500 Jsemsh @D a3l 208
Giacs 15sec e [1.5-15-150 pM] la3sly didlae aass aie sl ()
(6) JSall b Al miln

160 -
140 -

120 - —8—1.5 uM

100 -
—t—15 pM

ui — tr A
60 - / 150 uM

40 -

20 -

- - 0 _

0 T T T T T T 1
0 5 10 15 20 25 30 35
t, sec

(LOP-PMA) sasall (g puaall dslaio) cpa) duadya (6) JS

tgpall e -3
iy S dplels sesll n le Bpanadl (gluall dplall Gliniall Ciau)
Ju lee Jhall Jlaall 8 Jlesily Jaall 3 Bagale (aaliadl e s s
Losa 60 (s Jial jand) (gypuall jee o (s (dlged) (gpmsall o1l Ciaa e

cdaall daf b dddl )i dsas
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paall yas dua (4) Jaad)

UM Rl Jlad) mV/decade Jx!) | Day Jeall (1)
0.99-183.12 57.59 0.042
0.99-183.12 57.66 1
0.99-183.12 57.80 2
0.99-183.12 57.35 5
0.99-183.12 57.56 10
0.99-183.12 57.32 15
0.99-183.12 57.54 20
0.99-183.12 57.12 25
0.99-183.12 57.45 30
0.99-183.12 57.39 35
0.99-183.12 57.14 40
0.99-183.12 57.08 45
0.99-183.12 57.22 50
0.99-112.12 57.20 55
0.99-112.12 57.16 60
1.77-112.12 55.24 65

1.77-76.22 54.89 70

tgpall o) o pH Al dup -4

& ¢ 1.5uM 0385 LOP (e Jslas Gasa PH (g0 35251 panall (gpuall je
Oe Aliia asas dilal (2-12) Jadl ges bl pH ded jen il
e Al dillae e Jaall S (IM) Lgie IS 585 NaOH 5l HCI Jslae
WS pHy OseSl G A ey ([15-150uM]  3S)yh Ay yaall 3alall
(7) JS&) & e
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160 -
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220 1 2 3 4 5 6 7 8 N 13
pH
-40

(LOP-PMA) (gyua (1348 a4 pH ili (7) Jead
e 050 (2-7) on Lo gl pH Jawe en dany emndl gyl of g
L3Sl Aad b s
tgpall g0 o Bihal) daje il -5
Jeal (1 AUl Crans (il Ba Slays 1eE=f(PClop) Slimiall Craws)
(8) JSa b el Ay shal) Ay

60 -
o . M
(]
= 40 - S=-0.2011T + 62.067
3 RZ = 0.9972 e
T 30 -
>
g 20 - (6)
é
10
o T T T T T 1
20 30 40 50 60 70 80
T°C

Bl dapd ity puall lal) alall Jia a0 (8) ol
35 L 545 ¢(25-60)°C Jladd) e Attty Aulaials Joay (gl o (i
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:LOP 3alal jasall (g pual) A& dfps =6

LOP (10%M Jslas e 0.5ml liall el e 50ml ) Coal
OSE pumnal) (g pesall Aanilsy 85l (j5eS) Janss @=9.90%10°M S5l mpad
S muad VI Jglad)l ge 0.0Im1 Gl Jslaall Cipal & <117.2mV
ey adiy) 4 Gf 117.8MV oS Gilsall (5aS) udy 8=10.10%10°M
55 Y] 48l Jlagied ae dleall <) K <8-8=0.2X107 05 35 38 0.6mV
oty (5aSll Aad i Ja LOP (gea AN iliall gl adgiall alsall s2aly
Dl e K 40EY) el s & (D) Gloadl 3851 Jawy i)
[20] K ===
g pad) Al dgally clipdU Apel) AN ol a8 (5)dsadl G
AV aall Clpaninall 3 LOP g 53554l

mall LY Culgh (arg (5) Jgaad)

3alall 3alall
K b, M i K b, M .
Laga)) Lawal)

5.49x10* | 3.64x10° | NH, | 113x10°|1.77x10°| Na'

7.38x10* | 2.71x10°® K* 4.40x10% | 455%x10° | Ca®

3.17x10* | 6.31x10° | Mn?* | 1.13x10° | 1.77x10° | Mg**

- - BT - - IS5k
- - Ssille - - BrS:
- - PR = - JJBSY
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Uaidie S0 pualy anall (gud) of o RAEN) Culd ad S
olad cuniny Vo4l LS ladll 8 laasas Jla 8 ALl cligl el
LOP salal Llal = el (g puuall liie) oSy il . olaaia¥) Zaslall cule s
radsl) aa lea -7

Sl el aad e U aiiell adaldl At e CRISH aa 2o
idall Jally @y ¢ aall Aasl Jaall Jiedl afivall po (gilanll il
[21] Graivsall (gl (pifiaall Giilaleall

i) e5all Aslaas (E=-57.59pCop+348.08 afiiasall ol dllas ¢
45 PCLop=6.514 _tax; iilalaall dleal lpisidl Jally (E=-2.13pC-13.18
L) as ded Jiad )y C=0.306 UM oy BS 55 Jiliy L
ca L) (ailadlly sl gl cilinalge -8
:(6) dsaall 4 4l Aliail) paibadlls (gl Cliialse Jlea) Say

s el ey Janall (508l Lisana (gpuaal dlidatl) Gailadl) (6) Jsaad

(LOP-PMA)
(DOP) ey JaSyl ks i) (paldl)
(7.0/46.5/46.5)% (IP/PIGP)(W/W/W)% (5 pusal) S 53
15 (S) Alaia¥) (1)
2-7 pH Jlas
0.99-183.12 UM Laal) Jladl)
0.306 UM Cais) as
60 day syuall yec
25-60 OC 5hall cilays Jlaa
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: panal) (g puual) aladiiaaly dajibal) A8y phal) dauag 48 Lafys -9
G qi Al Jillaall (e de gens i Ayl A 482 (e oS
el (g yuall alatinly Glye Gued 35 JSI Glsall 0 seSl) iy dadd) Jlall
2 (7) dsaadl G e gobad) Laddl dales e alaie WU dailsall €150 o

Hlgle Jgandl 23 )
AR (g pal) aladiuly 4G Aal) & LOP aasl (7) Jsaadl
RO6 RSD% ?R; .m..:a '\jl..s S| A 351.‘:\ |\;S )
101.767 1.629 0.050 3.053 3.000
99.407 0.606 0.181 29.822 30.000
101.066 0.452 0.412 90.959 90.000
98.968 0.258 0.383 148.453 150.000

9506 48 say culad e Jauagia™

Jal 0 (1.629%) RSD% slais ol 3 (yiile dauas 48y diphall cojlial
(101.767%) Al delasiaV) 35lai ol (3.0001M) 58 5
olea) GGakail) ~10

Vsl wesiue b LOP yosil (glall sl 35k cil
cleluall Lojld (agw 480 1) e (2mg/tab) ihsiuas (el (Humadiny
Gleliall @l 858 Wl e (2mg/cap) Y (Pyramide) «asyaall
Glelbiall b cpl 4858 zWl e (IME/SmI) lyxs (loperamide) sy all
GOEERY) e S af G SIS citall dlaal) dalled) cual LAYl
A(8) Jsaal) 8 A pilialls (F-test s t-test
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saaal) gyuall aladiuly s aall clpaaiual) gar & LOP yaal (8) Jgsal

. . . . Jalall _waadaall
18] dumayal) Ayl | Aagiial) A8, )
[18] dmaal) 48,k ilal) 48kl et s
100.23+0.041 101.01+0.024 R% + SD*
Humadin
_ *x
2.06 1.88 t-test 2mg/Tab
2.92 F-test**
99.65%0.052 98.16+ 0.047 R%+ SD
Pyramide
_ *
2.14 1.74 t-test 2mg/Cap
1.22 F-test*
101.02+0.085 101.84+0.045 R%+ SD
1.95 1.44 t-test* loperamide
i ' 1mg/5ml
3.57 F-test*

olad Gasd ugia™

6.26 o Aganall F daily 2.776 & Agaaal) t dafh 950 485 ang Ay cilag gl daf 0¥ ¥
cignayall Aiyylally A gial) Al oy Lo il ol e il adl U

ofipbl G e Sy B8 g e e
:dadal)

tahusl Bl S (gpee uimad Gl Gl 1 G Jeagll S
iy ahslS ) dalugl dee dauls Uaxall ()5Sl Digana (o 255 20
AhslSoma abugd 2aaal jasall (gl aadiul Lapanlsall sdud (aes
Ry Al e g A aall Cipmntil) g Al Al 8 A el Al Ll

Aty Gile g e d88)hall Msall (e il are g dlle d5lEN) A8y Aiaddia
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Determination of the geometric
parameters of the optical by (VMA)

method of the(n + 3¢Fe,g) system

Abstract:

In this paper, using the (VMA) method, the geometric parameters
of the optical nuclear potential of the particles scattered with energy
(40 < E, < 50 MeV) were determined be the iron nucleus 3¢Fe,gq .

We found that with the increase in energy the depths of the real
potential and its radii and permeability decrease, while the depths
of the imaginary volumetric potential increase with the increase in

energy and this corresponds to the works [1-2-3], and this is clear
in table (1).

We also found that the ideal determination of the geometric
parameters of the optical potential leads to a good agreement and
convergence between the computed (VMA) interaction segments
and their experimental and calculated counterparts from the global
median representations.

Keywords:
VMA method, Dispersive relation, Optical neutron potential, Total
reaction cross section.
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Vhp = e GeeS ASHe AN A4

b @08 s paaae e dlln byen Sl deadl) Al ASHd)

- AV, (1, E) sexs 2205 AV (1, E)
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Aas Ay Wy (1, E) dpndas 4l 0Se poane e 5S0 : SAI 2l
oparll o) Ll e o) skl a bl aalls ¢ W, (7, E) daesa
ok Chas ANy e pus Sl Gsasl) Sy bl aally golaally )

R, = T‘CA% Jalidl)

riluadil) Aagally A8 (iS5 UL

U(r,E) = [AV4(r,E) + AV, (1, E)] + Vyp(r, E) (2)
+ ilwy(r, E) + w,, (r, E)] + V. s(1,E)
+V.(r,E)

IS aladinly =5y (2) 4Bl 8 sa)lsdl agaal) (e SO Akl Ll Caasly
AUl AL e il Woods—Saxon form factor) ¢ seSla lags i

V(r,E) = V,(E)F(x), (3)

r—R = -1
x, = VR, = rUA% f(x,) = [1+ expx,]

v

Gl Al e islsS) (5eS 5 Vig(r, E) (o5aSl dalal) s Unusgll o8 yiiniy
aa ﬁss AEGYREIIR

(Vs = 6.8 Mev, rs =12Fm,a;s = 0.6 Fm, 1, = 1.26Fm)
:(VMA) iy jb s siaa

anpall (el Gl Aaplal Gy (2) WD) lisSe alay ol L

g ow ko A ((VMA) hLaia)  (Variational Moment Approach)

[6—7]: 402 Al PR (g0 (L)) 5 anall) Ssal) sl
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2 [ W E)dE )

= AVW(E)f(xw) + AVd(E)g (xd)
laslay & ) sl Sl oy geS il fiahly Jaa) e daiial) diplall o3 o
233 4DA (e (SPI- GENOA) JISuldl daly ypuils gealin e ((siedd IS
iad) ojall dnally Ll Ayl (e agiall) gl @ sesll dpanall COLISH 28
[20]: 2 &5 [7]3,(E), [r]3(E) ol e Jsal

3 (B) ==/ "[Wa(r,E) + (5)
Wiy (1, E)]r dr

[rl& (B)= [r]&,, (B)*[rla, (B)

: &BM\ UA (le ﬂZ;EO; pW) :\TP&M‘ ;Lb“}l\ A;_a ()b _O)bé) :‘-5)-9 UA QLJ

[ () = B e (©

(E—Eq)2+p3

Bl (335 8 —(555)l ade aluay asiig

_4mRir ()
RERY 2 TS
ay
+ ( - f) Uns (EF)]
Hf
~Z 1
Unr(Ef) = Vo — ( Y XV, R =145 1y, = 1.236

Vo = 54.9Mev,V, = 38.1Mev arpr = 0.62

40



e T 2023 ple 5 2wl 45 Aaall o) deals Axa

05l Aglglall Clfahlll Aoy adS WS (73, Ty, Gy, Gg ) sUamsl aagiy
Wirnay Jiall muay (2) 4D GliSe maat e el 2y galall Sl
[15-16-17]: JSall 4l

[TZ]HF (EF)

U(r E) = Texp[aHF(E — Ep)1f (eyp) + AV, (E) f(x,,)
+ AV4(E) g(xq) +iW, f(xy) +iWg g(xq)
+ Vis(r, E) + V(1) (8)

Ailae Ja oy calllany paaty Sl el QliSe auen 2aa3 2ayg bg;\}
sty OgaSll JSA Daaiall Amgall jaing yd

dzv,b_l_ 2m
dx? " (h/21)?

(E-Uy=0

e il 5 uppadl U Jlaal) paa Jelidl) alalie slay) s SPI alastl,
[24-25]  Ahud 5 Al COLEG ae 5 Al gDle
A8l ]
{(VMA) galing (pe Lo Ulan 31 Bl el o 2(1) oa
E A ro a, W, r a, w, ry ay

(MeV) (Fm) (Fm) (Fm) (MeV) (Fm) (Fm) (MeV) (Fm) (Fm)
5 49.522 1.279 0.588 2.723 1.260 0.563 4.709 1.260 0.563

10 48.214 1.263 0.588 5.955 1.260 0.563 5.586 1.260 0.563

15 46.912 1.250 0.588 1.013 1.260 0.563 5.787 1.260 0.563

20 45.595 1.238 0.588 1.497 1.260 0.563 5.688 1.260 0.563

25 44.256 1.229 0.588 2.019 1.260 0.563 5.444 1.260 0.563

30 42.895 1.221 0.588 2.557 1.260 0.563 5.130 1.260 0.563

41




(n+ 3¢Fesg) dashial VMA 48 sk ff gl ¢ pasll dyuaighh i ial ) ayans

35 41.516 1.215 0.588 3.090 1.260 0.563 4.787 1.260 0.563

40 40.130 1.209 0.588 3.604 1.260 0.563 4.437 1.260 0.563

42 39.575 1.207 0.588 3.803 1.260 0.563 4.299 1.260 0.563

44 39.021 1.206 0.588 3.996 1.260 0.563 4.163 1.260 0.563

46 38.468 1.204 0.588 4.185 1.260 0.563 4.030 1.260 0.563

48 37.917 1.202 0.588 4.368 1.260 0.563 3.900 1.260 0.563

50 37.369 1.201 0.588 4.545 1.260 0.563 3.773 1.260 0.563

55 36.011 1.197 0.588 4.964 1.260 0.563 3.470 1.260 0.563

60 34.679 1.195 0.588 5.347 1.260 0.563 3.191 1.260 0.563
65 33.377 1.192 0.588 5.696 1.260 0.563 2.935 1.260 0.563
70 32.110 1.190 0.588 6.013 1.260 0.563 2.701 1.260 0.563
75 30.880 1.188 0.588 6.299 1.260 0.563 2.489 1.260 0.563
80 29.689 1.186 0.588 6.558 1.260 0.563 2.297 1.260 0.563
85 28.538 1.185 0.588 6.792 1.260 0.563 2.123 1.260 0.563
90 27.429 1.183 0.588 7.003 1.260 0.563 1.966 1.260 0.563
95 26.356 1.182 0.588 7.194 1.260 0.563 1.824 1.260 0.563
100 25.331 1.180 0.588 7.366 1.260 0.563 1.694 1.260 0.563

Bx(Mev) py(Mev) p,(Mev) —a  Ey(Mev) Eo(Mev) [r2]y/(E,) |

2¢Fe 91 7 58 0.460  -9.85 -4.9 496.27
| v,=6.8 MeV  r,=1.2Fm a,, = 0.6Fm r.=1.22Fm |

Faigl slausl : (2) Json
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e— [r2WwW] Br

20
? e [r2wd] Br
S 00 I
L; T A [r2w]tot Br
Q QN
E (e} ” . L o [r2ww] Exp
— a0 S
= 60 / m  [r2wd] Exp
E! 40 ' A [r2w]tot
S ‘ Exp
i zoj ] ¢ [r2w]v Kd
ol m  [r2wd] Kd
-20 -]%O q) 10 20 30 40 50 60 70 80 90 1q)0 s [r2wltot?
E MeV .
A [r2w]tot
Md

BBl Al ( amal 5 o) LA a3ad (e S Bunli (s 1(1) IS
.u.n}JJAS\ )a.uj\ '5\).3 a.kl.u}.\

[W]lMev

. * & - -WV

... y ... t.

\ .. : .. ¥ °f
p L o ) ’
\
o\ 7 '\.
4 \ PY 7 V4 ...
\ _. V4 ....
4 7 ®ENERGY|Mev @ Wd
A - o o y:
[ T 4 m * T T. 1
-100 -50 1}) 50 100 150

Ay canally oadadl sl agall 3 (S 48U Al (e 3(2) (S
'U’“}JJA” )m.\d\
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MeV Fm?3

7 o
® Dir

...
( ]
Weessceese - oV

I T . T T
0 50 100 150

el Jlaall (i 28ULY Gaails ol a5al) ey 3(3) IS

1000 MeV‘Fm3
900 - -—@=|R
800 -
700+
=
600 Jhf
Jkoing

A Jmad

100~
E . MeV
-80 -30 20 70

e ALl AN Jeliill @l — gl aes bl aiall s Jias(4) JSal
el Jlaal
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go— - Mel.

AN 70
y =-0.283x + 51.856
50 e VHF
e ——Veff
10 V= -0.3473x +51.104 (Veff) ka;
-80 -30 20 70 [ENERGY] MeV

e (i3S el (s el (ppes] idadl e3all LA Ll () S

rv [
1.3 : ]
-\
== rk
® ™™m
T T 116 T — JENERGY] MeV
-80 -30 20 70

Jlaa pacing Jell ipunl) iy gl (a5 Gl Apn i) Jing £(6) IS0

gl i)
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4000 o mb

3500 - .\ ® sigkon

3000 -

2500 - \Q Moo_, = ==sig Vma
o o M

2000 °\Q~

o
1500 - O sigtendl
1000 -~
E MeV .
500 : . : . ' sig mad

0 20 40 60 80 100

el Bl Jlaall (pana 28Ul Jeliall S adaal) Funls Jiay 2(7) JSAI

relalina)

(VMA) Zila 35 5ol pall 7 Ssail ool finil 30l Al Lk i
Jlad) Lasas (40 < E < 50)Mev ilh Jlas Gaas (0 + SEFe) iashaall
Lad a1l ae 3l (10 < E < 100)Mev oY) 5 caiaY) clilhll il
A Jolill pllie 5 (Rnemall dsmbod) fweall OIS e S dlads

[18-19-20-21-22-23]

o2 Jidh Ll Cua (1,2) Jsaall 8 dsimsadl B el DA o
oo Sl [24-25-26] (wVale celisS) Copiad (o IS g leiblie 5 ljialll)

Aalil) Al 38
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Fpeaall LIS Apbaall a8l o Bale ClE sy (1) JSE G Laadls

gl Gy cillanally 28Ul dpully

saganall adll A (e (aaad 5 aladl) AT 5eS) 3(2) JSEN peiagy

oacili g egaal) b ll alall JSEN ae xall 331D (3) JSA G (g3
(10 52ad) (5aSl Atigh oUnnsgl 3,085 3835 Aaaa

Lidass (4) JSa0 L Al (VMA) Qi 35 lgde Ulas 3 dylual) 28l oy
Al daiay 4 W Sy L [26] pasall 8 Lgpad) ailll e il
cssall (ysasl Al piahlll aaat b daial

(s5)a) (13aSs hiall (5al o JS Adadl) dpnldl (5) I W ey
ol LS cptiabanes (e sl 538 gy ALY dnailly

Vyr = —0.347E + 51.104 V = —0.283E + 51.856
il o e Wi liary (5e8) ghindl il Coom Ul iy (6) JSA chns
3l dpay LY [24-25-26] (sVabes ¢lis) Caieai e JSI isal
Aupmad) adll daa e Jy 13y aill ae

pf 25 & (e (VMA) dipla Gl 4 48l daiy Gaw Le JS ) 2l
dam gl ALl il ey LK Jeliil) alaliall o a3 5 Tial) el L
eblid Lunatll ol ae 2l Ul Sl Jiall DA e Dl (7) Al
eblidl a8 Gn Gl Loy (VMA)diph DA e dygesall @by Jell)
5 i ol 35 Lyguadll Jeldll ablic ods (VMA) dipl s Jelidl)
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Laddiel) A8l 3lalie jea  Jaadl Lli goUaill da o) ogtig aVale cavial
Jelill K aidl Ciadl dalla clidld o dess sl Lk
271 (n+ Fe®)

oy 3y Lmidial) )l 6 558 Jelail) alalia o o) (7) JSEl (e Jaadls
delall 3 cpall Jirdl) 5U8 Al (e el 6 Jelall sl daalue (f
SV Laaliaal il sl )5S5 A giall clilall dilaie b L (n + Fe5*)
ad oaliad) Aam Jelill lgd claalus (alissl oy ¢ Jelill @l on e

. [4-51 4l Zlal) 8 20<0 Jelall alalia
uss Al any goaill Jgal) m3sall o 1 Jaill (Ka Grale IS DA
Adyall e agiall al alag) 5 Aguall easll JSG aluiia) DA e Say A8y
oSy My KN Jelall plalie ad sl Aila) o el Aually Al
daia o Sall (Keygeing pal) goll Aldiall cluhall jasge GululS ol

caaball 8 3agnsal) il Leasii ) il
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Ly —2016~ cenll dapad — Glisaa galed) ne — 2 ¢ Bl gutl =2 1]
AL MacY) ANAUE, = 10MeV  alay dd,iall cilisis pll danall el
- (38 )alae ¢ Caadl dnala dlaa « VMA dipla alasinly (27<A<90 )
ddauly Al el by = 2016 —gseal) il Bl usl —a = [2]
¢ Gl daala dlae ¢ 20 < Ep < 65 MeV AWl Jladll i Snig?
.(38)alxe
Sl Loagl) daaliall 550 dun = 2021 Caus pele ¢ b Gl —2 = [3]
Gl slg dhlug (60 < E, < 80)Mel il ddodiall Dl il

A3 aladlCind) dadls dlas ((VMA) digh alasiuls (35Cuy,)
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A study of differentiability
and regularity of the basic
guaternion functions

Wedad Ghazwan Almaasarani*
Dr. Mohamad Charabati’
Dr. Basel Alarnous®
Albaath University - Faculty of Science - Mathematics Department

Abstract:
In this research, two different definitions of quaternionic
differentiability have been studied with examples of each, and it is
concluded that quaternion polynomials are differentiable functions
according to one of these two definitions, while they are not for the
other definition. We also studied the condition of the regularity of
functions according to the concepts of Feuter and Cullen. We
proved that the exponential, logarithmic, trigonometric sine and
cosine functions are irregular according to Feuter, by applying the
Cauchy-Riemann- Feuter operator to them.

Key words:

Quaternionic differentiability, Quaternion polynomials¢< Quaternion
natural exponential function, Quaternion natural logarithm function,
Quaternion trigonometric sign function, Quaternion trigonometric
cosine function, Cauchy-Riemann-Feuter operator, Quaternion
regular function.
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ISl LS (Kay
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stie (otie TS Qo f, ke ealiall G Cum
Ly i gl Lall) (e doiall 55 daed AT Jia Hladiul bi€e WS
gdiall (958 daall
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sacli yalic dlas s Ly (@, b, ¢, d) dsidal) alacY) (e ddpe Al
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Mg Qi) saiall (358 23a)) Jisail SF R 8 Ak Jfial

i) (568 anmll gadally alud) cpfial) 20
p=a+bi+cj+ ual p=a+ib+jc+kd ual Jao Sa
Sc(p) + 4l sty p I eadudl 32l p e pp = @ G eial) o
Vec(p) 24 s p el exalbp i= bi + ¢j + dk s
13 Liadly asdee cgnfie e3a <) dpsie 58 Aol gl & & Zgdal) daeY)
S = 4k 2l Ji Gy sdie 35 e p i Wilip = p o
V) Py < Py Asabid) et (S Y ale S5 43l (e (35 (p2e Py 5Py
L) aial) G358 JacY) e Jsis o WiSaly 4 LS L ppiiia case py 5 py O 1Y)
Agiia el e Jabei US 1Y) il f dunge
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Obgbadiall Guaiall §68 claaad) 3y
q=ay+byi+ sp=a;+bi+cy+dk sussll 38 gl 55
shy=by 5a;=a; & Al L& @l 1)) gl 0pf + dyk
P=Qq3Po=Gq oSN p=q 3 gmlns.di=d; s5¢1=0

Laded) (548 alacY) Ao Apluad) cldeal) 4yl
D= ay + gaaall Ll IS 1386 Lyl bl penl) S dpsiall 36 321
iyl Wl ¢ s 2 A 5 q = ay + byl +cyf +dyk s byl cyj +dik
t eV JRAL dplial) Gilleal) 52

e ()
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SN
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s damy iyl (i)
Ap = (Aay) + (Aby)i + (Acy)j + (Adk
Lﬁﬁ’d‘ (358 <yl (IV)
pq = (a,a; — byb, — c;c; — did;)
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+(a1C2 - b1d2 + C1a2 + dle)]
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+cia,j + c1byji + ¢icpj? + cydyjk + diayk + dibyki + dycykj
+d,d, k2.
V) sl dae ) Jal e i pal) G slelye cony ALl 4Dl Lt xie
Ll pailadl) dasiuly (V15 JAiall 5 alaedU Ll K ud 4l
t Y AL el lee S ki (1) cliiUaall

pq = a,a, + a;b,i + a,c,j + a,d,k + bya,i — b;b, + bicyk
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Lgiall 358 Copll 3aclE o Jemnd Al calaagll Al 3aal) maeny
O e G Jed) e s capally aanll Caglai€ AgLd) ac gl Laal 1)
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el Ampenl) ZZalY (Vi)
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Loy £ = ko i S e cypeall 3 V) el gendl o m el e
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4] ailladllp o p A i A ER 5p,q € H XK Jal ow
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pD=(a+bi+cj+dk)(a—bi—cj—dk)=a?+b*+c*+d°
Iapa g (34 amﬁ&\)ﬁ)gﬁd\ G358 2a=l) (yu (3,4l u\us

p—p = (a+bi+c+dk)—(a—bi—cj—dk)
= 2bi + 2¢j + 2dk

tO) ol ¢ ST dsie (38 dlae ] A L)) daghlly AV ilaldll aesd oSa
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tale JS&yy P13 = D3 P2 P1 L“-"J
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pda il ((38) poane s ddie (358 el ((B8) poane Gie o) 1ADA
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LSl i iy
dinll g8 aml) Al Ty

o) Adllaal) dagl) 4l adjein gAlly el e s dae gdic (358 e JS hadiy
Soll Vag pl 2 A Says p=a+4bi+cj+dk el 3l Ak
Akt oy Adlusal) Ji poaaall Algla Jullyy (R 3 gallY) Jshall eyl (il
:JSEIL p aaadl sk e L(a, b, ¢, d) ddasdll 5 JuaY)
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(sanly sdie (8 e P aal) s Wil p| = 1 oS 13
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Dhisl aae auly Ciyrys k) aipleslll ulal sag sy i e 2l s
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Lsbal) (398 Amdal) Aoaiy e gll) ANl 120 s

: JSEIL aial) (358 Aumgudall Ay jle sl ANl oyt
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dgaial) (548 Al cuadl Dy 130
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1
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Sin(po) ) |p| = O
L) (390 A alail) o Al 140y 0
PV Sl B ALl sl ol

1
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cos(py) ,Ipl =0

Aaiel) §sd Aldalial) 408 Ay 2.3
el b Jlall (e A5 Cappat] Sape ENlae llia il ¢ omlall Gl 4ay A
Ad)ysasloedl Jlsall apmli (oAl dmdi joall Caxli daly (gaie (38 paiey dpaal) (348
caalg SN yuaiay
B g + h) = g(O)] el e Aubys il Gl okl il )
g:C—> C &
tol 6l (€ b s apall o alei LSs ch - 0 Laxie
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Ol g H > H Al duadly WL galall ol 05 Alsgun g alag) Wiay Uil
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2 el olas LS Y B € H ol Jaf e Biina 0585 o 3 p0alls ol 34
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& s comadl o @AY Sl e AV (Ol Gt Ll Gl dalled
[2] s ol (g Aaliall LG Cipes
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P (e (358 ey dpdie (58 ded 3 AlL fiH - H il
alel) g 13 Sleal) (e Bdial) (38 Alaliall AL Le3) f e Ja .1
lim{h![f(q +h) = f(@]}
i shdfy [ dg s ied o3¢l oy N
tiglgl) o 1Y) el (e Aoaiall (568 Alialaall ALE L) f e J .2
lim{[f(q +R) = f(@)]h™"}
Sr S dfy /dq 23 o3¢ ey Nxiey

[2] 10t
Dolal) (e Apatall (368 Alaliall ALE Ay a8 [i g = g Bl Gukaill
Qe Iy(g+h) =q+h 51x(q) = q b s

. -1 _ — 1 -1 _ — 1 -1
lim ™[Iy (q + h) = Iy(@)] =lim A" (g + h —q) =lim h™"h
=1
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[2] 2k
N o) dlialiall AL6 culS 1Y Ld gyl . f(q) = g2 D sl
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el cplaa) s by das

Ay
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Ay e ST Bl el il Wiay Y ald o Las e H oY
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cOnadl) (pe Alaliall L L 13 Leais daiill e Joaning
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f(@=a+qb ; abeH, q=uxy+ix;+jx,+kxs
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=1+ ix: +jx, + kx
x12+x22+x32( 1 ] 2 3)
(ixgy + jx, + kx3)? 2
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tol aad ade Gilud) nall Galaiyg
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(iq) Y0 x 2 4 x,2 4 x32
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1 2 3

_ i(xlz + x22 + x32) - i(x12 - xzz - X32) - ijlxz - kal.X3
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Alsldl 446 e f(g) = ig Al il
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ix; +jx, + kxs
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+x30x3)] q°
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[axo x12 + x22 + x32 (xlax1 + xzaxz + X3ax3)] (xoz - xlz
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+2ix; + 20

ix; +jx, + kx
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ixg + jx, + kxs , ,
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X1% + x,% + x352 o(ixy +jx;
+ kx3)
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bl Capell o ALliall 3L £ () = g2 A

Xo
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ixy + jx; + kxs
X%+ x3% + x32
+ %304, (F9))
= (0x,/)9 + f(0:,9) .
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+£(0x,9)
ix; +jx, + kxg

X1+ x,% + x352
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= L(f)g + f(axog)
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ix; +jx, + kxs
X124 x,% + x5
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X112 + X222 + x5? q[xl(ax1qn 1) + xZ(axzqn 1)
+%3(02,4"7)]
= q(0x,9" ")
ixy + jx; + kxs
X712+ x52 + x3°2
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0 X1% + x,% + x352
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= (ix; + jx, + kx3)(6x0q”‘1)
- [xl(axlqn_l) + X, (axzqn_l) + X3 (ax3qn_1)]
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k
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=e
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(xll'ex0+ix1+jx2+kx3 + xzjex0+ix1+jx2+kx3

=€
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Schafer vector method for the general

traditional mathematical model of the

second axially symmetric state of the

elastic strain of the micropolar elastic
solid

Dr.Waad Samir Attiah '
waed.atteiah@wpu.edu.sy

Abstract

The paper relates to the mathematical model of the centro-symmetric,
homogeneous, and isotropic micropolar elastic solid of 5 material
constants in the second axially symmetric state of elastic strains,
discussed by Nowacki [5] and with Erigen [6], and shortly called
(E-N:5). First, we introduce the following:

1) The traditional model of such a body in frame of the second axially
symmetric state of elastic strains.

2) The displacement- rotation model of the above mentioned body.

3) The Schafer vector method for the displacement — rotation initial-
boundary value problem of the above mentioned micropolar elastic solid.
In paper ,first we generalized the Schafer vector method to the traditional
(general) description of the considerable body in the frame of the second
axially symmetric state of elastic strains. Finally ,we end the paper by
some problems for discussing .

Key words: Schafer vector method —The micropolar elastic solid — The second axially
symmetric state of elastic strains.

" Applied Math. Doctor, Lecturer at AL Wataniya Private University.
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il (500 — 1100°C) o dilise sha Glap de Gliall G &
sl aibiadll cuna igslhadl)l gl e Jeasll ) el dap
Jisil Sleas (XRD) i) 2ad¥) zhhad) 4 alasinly jimaall 2830
dapd 33 5 Gun L(IR) LasY) st ddlha ¢(DTA) Lealiil) (gl
) zhwl clhbie duy ciy 2700°C Al die g lhaall bl
Lai ga FCC osnsl) 83t damnSa dpshy s (385 pshity Sall o A
Jibatl) Giliaie el LS LFA3M & S.G de )i bl de sanay Jilal)
da @il 770°C sl xie WAl dpha B a)f 2sm sl g5hal)
e Jeanll (IR) eal) cins Calal) Jalads oS5 Sl I3 Jles) e
.(Cu-0) ;5 (C0-0) Lyl culiiay¥ sx5lell aaill A o sllaal) S al
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Preparing of Copper Cobaltite CuCo0,0, by solid
state method and studying its structural properties
Areej Yousef*, Ibrahem Ismaeel**

Abstract

copper cobaltite was prepared started of mixed cobalt oxide
Co30, and copper oxide CuO by solid state method. The
prepared samples were calcinated at different temperatures
range (500-1000°C) to determine the synthesis optimum
temperature. The compositional properties of synthesis
compounds were studied by X-ray diffraction (XRD) technique,
Differential thermal analysis (DTA), Fourier transform infra-
Red spectroscopy (FT-IR). Optimum synthesis temperature was
determined at 700°C. X-ray diffraction patterns showed that the
CuCo,0, spinel was crystallized with a face-centered cubic
crystal (FCC) and belongs to Fd3m space group. The thermal
characteristic shows four effects, the last one 770°C explain
formation of the compound. The IR spectroscopy encourage our
results during the bonding vibrations of Co-O, Cu-O

Keywords: Copper cobaltite, CuCo0,0,, solid state, mixed oxide.

*) PHD Student, Department of chemistry-Faculty of science-Al-baath university
Homs-Syria.

**) professor of inorganic chemistry , Department of chemistry -Faculty of science-
Al-baath university Homs-Syria.
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GlSyall paibas o8 Ul diae JS 2585 ) 55 535 Lein Lad Jalisal)
Aliar iy L 1)) 3aa 6 Losale AERY) ol adlSl e &<l
Spinel Jubudl s cl€yall sl ol hlal s 5 Gajidl bl
[2] dabiaal)l LlatY) o layes Schileete culill, Perovskite culSuy il
Aalin ) a8V e 328l & (MC0,0,) bl jelss aladY) o3a (e
Abeslly ALl pailaddl e daedl eday gdlls dnbudl sls haar il
Oe =l gl W [3] ASalSaally dphall (ailadd) cailay e s e 328
Sol-Gel ¢l jiiall Camsill caliall ¢ lilaial) dayyl) Aabaal gkl Elagy)
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Al aladiuly dalay JIS) o Lihad 28 5 asly agl <S55 (95%) (ol
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Az o3gd S g A5kl o3 Gl sLall 3 ) s Asall (mms o Ly
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sdanl) G .2
L& (s20ns) (o Wi CUC0,0, Syall ypmad ) Euaill 1aa Caag,
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lbal) il 335 Spall 13a ] Alglae & yall oL dleal) e fyda
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il auial daadioal) Bladl) shaal) 45,8
)
(9/mol) (9)
Sigma-
0
C030, 240.8 3.2707 99.9% Aldrich
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Dlanadll (Rl Al 4aY) zhad) cillalade (3) JSN Gy lele a5y
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) i Lee gAY SRV e paall e gging Y Geaall G Y] ALY
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bs @ Gyl AN Culi o8 Cd S & Gas g had) Ak 6 5 (1.78894)

120



S lan) dmaif an) o) 2 Ciugi gyl 2023 ale 5 audl 45 Alaal) Cayd) daaly Ay

Al Al 3 dpg Al Glgiaad) el Jaey Sun d e 326G C

2 2 2
1Ltk ) AL Al 5Ll

d2 az
V=a% il ey o3 Loy 24080 5055 aaa Glis 5
WDl dilae adll sda of LDl (3) Jsaall 4 RKE ad paeal il
h++¢=2n ) k+¢=2n , h+k=2n
Gl Led Ll F osnsll 5550k dpafe 48 cld D0l A58 o Jy sy
LSl zhat¥) Lbia b hkf ad ) bl Ll 136 L))l de gena

20U saclall gyl Lasen Ll

hk - h+k+¢€=2n s 2n+1
hkO — h+ k = 4n

h00 — h = 4n

iehdll bl degene ao A Ll Ladl LN Glegane Jslaad 535l
Fd3m

SG (227) Fd3m
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c S el Agad) 25 2 ) Jaladia (g Al (S

gl 403 zhadl Sles le Jla 4 odall aas Glua 3 Alibed) o3a 2
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o @A) Gl pladiily e Jpeanll @ ) kg lies ) (S hall
S end) alluall aaeny Sl B85 dpggs 20 e JS ad 4G Jglaad

.700°C da,all xie e yall CUC0,0, S jall Laliyya)

122



S lan) dmaif an) o) 2

Chugigyl 2023 s 5 aml) 45 alaall Gyl daaly Alse

6h 33 700°C 43, sie 34yl CUCO0,04 el (hklcdca20) ad (3) Jsa

Peak 20° I% dexp (AO) dcard (Ao) hke a (Ao)
1 | 222729 [ 11 46311 | 4.6500 | 111| 8.0214
2 | 36.7485 | 40 2.8376 | 2.8500 | 220| 8.0260
3 | 433528 | 100 | 2.4217 | 2.4300 | 311| 8.0318
4 | 455140 | 27 23124 | 23099 | 222 | 8.0103
5 |52.8629 | 31 2.0095 | 2.0099 | 400| 8.0380
6 | 66.0020 | 15 1.6423 | 1.6400 | 422| 8.0456
7 | 70.5556 | 57 1.5488 | 1.5499 | 511 | 8.0477
8 |778721| 71 1.4233 | 1.4200 | 440 | 8.0515
9 |[815200| 5 1.3700 | 1.3599 | 531| 8.1052

a= 8.0420A
V= 520.09 A3

6h 32 700°C Al s tayall CUC0,04 Spal i) cililual) (4) Jsaa

CuCo,0,

gl Sliluaal)
Al A'M"m e A bl 2 | gl aaa
4y Al Lyl
a \ PE Pr L
(A) (A°)® (gricm®) (gr/icm?®) (nm)
8.0420 520.09 6.266 6.268 25.4

FT-IR sheal) ciad dad) cigh daly .4.4

& Aeatind)l Ll @l e (IR)D dasl palaia¥ )l Jdaill s,
ool aas 5 cliall a5 e ol aDIA e 2y 3 V) el Jaal
Al (IR) Gl duhs Gt 5 . 5l dae sty bl Lailgjlly ddlal
oo lele llias 38 LSl il Ay aidaiadd)l (S pal Ay B @llyy 5 pianll
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Cm ualaiay)
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1626.66 A sl A e el liia Ja 2
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Stratographic re-check of the
sedimentary formations located above the
rocks of the ophiolite complex in the
Latakia cheet
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Abstract

This research deals with a stratigraphic study of the
sedimentary formations located above the rocks of the ophiolite
complex in the Lattakia sheet 1/50000, by conducting fossil
analyzes of a group of (19) rock samples taken from the
exposed and diverse rocks in the study area.

The detailed study of six sites in the study area showed that the
age of ophioliteal ascent in the Payer - Baseet region is pre-
Maastrichtian to pre-Upper Campanian and it may be Sinonian
below and not Maastrichtian.
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