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Synthesis of New Phenytoin Derivatives with Both 2,4-
Dinitrophenylhydrazine and ortho-Aminobenzoic Acid via Mannich
Reaction and Study of their Biological Activity

* Thanaa Shriteh

Abstract

This study aimed to develop novel derivatives of the anticonvulsant drug
phenytoin via a three-component Mannich reaction to enhance its
biological activity: Phenytoin was synthesized and subsequently reacted
with 2,4-dinitrophenylhydrazine and 2-aminobenzoic acid in the presence
of formaldehyde, yielding two new derivatives (M1) and (M2). The
structures of the synthesized compounds were confirmed using Fourier
Transform Infrared (FT-IR) spectroscopy, Proton Nuclear Magnetic
Resonance (*H NMR), and Carbon-13 Nuclear Magnetic Resonance (*3C
NMR) spectroscopy. The results showed the characteristic signals for the
methylene bridge protons at approximately 4.73 ppm and 4.34 ppm in the
derivatives, confirming the successful formation of the Mannich base.
Biological studies revealed a significant improvement in activity. While
the parent phenytoin showed no antimicrobial efficacy, the Mannich
derivative (M1) exhibited dose-dependent inhibitory activity against
Gram-positive bacteria (Staphylococcus aureus). This indicates that
chemical modification via the Mannich reaction is a promising strategy
for enhancing the pharmacological profile of the parent drug.

Keywords: Phenytoin, Three-component synthesis, Mannich base,
Antibacterial activity, NMR spectroscopy.

*) Dr. for organic chemistry: Department of chemistry—Faculty of

science-Homs university, SYRIA
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Preparation of Nano—aluminum Aluminum Oxide via Green
Synthesis Using Aloe Vera Extract
and Its Applications in Uranium (VI)

Removal from Aqueous Solutions
Dr. Mohammad Nour Alkhoder*

Abstract

Radioactive contamination, particularly with uranium (V1) ions, poses a
significant environmental and health threat. In this context, a highly
efficient and sustainable nanomaterial was prepared via the green
synthesis of nanostructured aluminum oxide (Al,O; NPs) using Aloe

vera extract as a precipitating agent and bio—stabilizer.
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The resulting material was characterized using Fourier Transform
Infrared Spectroscopy (FT-IR) and X-ray Diffraction (XRD), with the
results confirming the formation of y-Al,0; Nano phase with an
average crystalline size of 19.42 nm. The performance of the material
in the adsorption of U(VI) from aqueous solutions was evaluated using
the Response Surface Methodology (RSM) with Central Composite
Design (CCD). The results showed that the removal efficiency was
significantly influenced by factors such as pH, adsorbent amount, initial
uranium concentration, and contact time, achieving the highest
efficiency (~70.5%) at pH =~ 5, adsorbent amount of 0.4 g, 40 ppm
uranium concentration, and a contact time of 60 minutes. These
findings confirm that the green—synthesized nanostructured aluminum
oxide is a promising candidate for applications in the removal of

radioactive contaminants from water.
Keywords: Aluminum oxide nanoparticles, green synthesis, Aloe
vera, Uranium (VI) adsorption, Response Surface Methodology

(RSM), Central Composite Design (CCD).
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ey 5555l) Jalsally psiysll A1 BeliS (AU ey o5 il bl e any
g WA

Aoy A3y s s gl o3 e il T aed 21 A0 JIEY) s )
(4-A) Uil 8 Ladl Cua ket s Aliid) criall G sl Gliall daal
3l ol JSal eday Ay 5 iS e (A) a3kl salad) 2S5 (B) asslysd) 585 il
OIReY Al Al e B85 Lo say o(A) silal salal) S aly) ae slag A3
(I way . ST dalia Sl adlges ST dadan dalue oY) Lkl 15 G calsdll
&8 ) ol Les ¢(B) asibsd) 38558005 g Bisale JS5y (mias ANY) s S (8
Ol Gllee 8 dails dpals s Sllull 13a LA S die Y] adlse

5o LSl Bial) Aadaiall of gy IS L[2] "daall LB "SS5 EE il el

61



(Aloe vera) Jkuall i paliiog pldial ) pad A8y sy 5 6l o gaia sl Sus] jpuaas
Tl Jlaall cha (V1) s isall A3) B Aolizel g

oo Alangie ) daitie 315 sl salll e Adle LS de q& AU A
FSUTEl

el Cun AY1 5L e (A) skl sald) 4085 (C) pH 50 (i (4-B) Jall Ll
Aad ol ) 5ol Jomi L 5aaY) 30 iS e pH da) Wagaley 15 1,50 J<all 1
Lolas Gadlsiy 138 L 3l 13a (ge i 5 el pH sie (midsi 3 «6-5 s pH xie L]
leiSas (OH-) JpnSsmn ilegana o (ging (515 ¢apiaslV) 20l mhans Zala aa
Ll f (Apiuall L) 4k pH (g0 (i) (minic pH e Lulay Dpaiia st
3] (Apiall Lnill 3k pH e ) adipe pH 2ic

ABY1 3 US e (A) 33l salad) 43Sy (D) Gulall iy il jeday (4-C) JSill Laiy
Cai gy o L1 13 D bl g 5al) ae alag AUY) 8o lS o JSAN 13a jela) Cu
138 L Sealiall cplall Al ) alaill Joay Cum o(4282 60-50 Nsa) dipns A vic
Gany Y Asee 858 3y Oy I ) Jpaasll Ty b S15aY) dlee of Lo Oy
Laily g deyall 50l o JSAD S5 LS il 50l ae (s beli€ll 3 Jagala it
aSat dale 8 Aoyl o ) ey Lae chppeaill (bl cligl vie i 3o LSl 5l

A5] Sliey) ddee 8 ol

62



Ll a glad) Aol oaas daaly daa
padl) g dana 2 2026 s 5 aall 48 alaal)

s S5 Y 3:US e (B) asslysd)l 38555 pH (C) Lib (uid (4-D) Jall W
oany PH ~5 die Cani 5. i€ il (el . anla JalaS pH daal (a0 550 A
o badle 5o LS e LSl (il casnlsall 385550 aes asbsd) 3855 e kil
3855 PH 5 Jsa 350 Alal) 56 WS bial) Aibaial) of 7 sumss jedags +(4-A) J<al
eyl 58555 (D) (ulall iy il cpand (4-E) JSall danillys o gyl (30 aidia
385 ISl Jgeasll ) G ADL JSAl 13 8 jedays ANY) 31 e (B)
O cpsihsdl 55 80l e da I ) Jseasll DU gl o JaaSl < ol sl
LS L Aatia) 315 adlse e Jelill ol ey ) 2 lind aguihysall Clisd (e S 23S
JCEN Ala oy L Alad) 5l w3315 Lo sas ¢ S8 5005 ae (aia s A0 3o L)) (o
of 4 1y by sl e (D) Lslall cigg pH (C) il jelay atla (4-F)
O 0 (4882 60-50) Lsns Aisla el il oy pH ~5 vie Caaad 5o US Juadl
V) A 5 il e ulall g b i) e 5 ST LEB AT pH 8 el o

Aien 3o US sl Biny i) Lagllae 8 lao Lanagas
5oLl Ma% Cum oanh) 4SS dale o Bl Bolall A€ G o ALl Az8lia) (g
e bl Y1 juid) sa pH U ded gAY Qs Gig ol en L dejall 50l ae
o s Gans 3o US il Giay (PH ~5) Gaa Jiel (3lai 2535 ae ¢ Sl5aY 36 S

63



(Aloe vera) Jtwall ali paliius aladiuly o) pad @)h..u‘é‘,ilﬂ\ @391435‘1\ sl judasd
Al il G (V1) syl A1) B Abil

e 5l mid s Cum e li€l) e Lla s asilall 55 L asiieg) 2l b
ol R sl ) Jsemsll g Gl iy 315N adlge it S 30L)

(1582 607) An 358 ) Spnasl 25; Ll o

5305
s

S
2
s

‘Temoval effciency (%)
Temoval efixiency ()
Temoval eBciney (%)

semonal efficiency (%)
Temoval effciency (%)

ol Bulaall el Ao i) it a5 Alaiul) peland Aily Clasuy (4) JSA
A 36

ralaliiugy) .6
astia o) ansl o 2 By Say Ayl e b lede Jpanll 2 ) il ¢

Gle aind plpad aial diph aldiuly #las 4siad 5 8 (AL, O3 NPs) g5l
64



Ll a glad) Aol oaas daaly daa
padl) g dana 2 2026 s 5 aall 48 alaal)

dgldae Jilas T 8y oo Cifias aaye JulaS (Aloe vera) luall cils paliiu
Glesane ils ) @padl AEO Lils) 35 (FT-IR) ehaall s daiY)
dgem il o LS LAY Cleli (b Tpsme Dys ol ) dmdand) s 2l
sas bugie g gslll y=ALO; skl e s<5 Aimll of (XRD) i) 42y
Gubai vie Al Ayglill (ailiadll ae G850 Lo sas ¢ gl 19.42 58 )5
b Ayagie el (Alall ) (e (V) assihsll cilisl 35l 8 8ylandll salall
oS JSay s Ay s ol (CCD) g3Spall apanaill 73501 (RSM) o)
Ay galal) Gads casihsll SN S5l ailall salall 4paS 5 o(PH) duaganll Ay
PH = 5 4 Bl Caglll sie (70.5%) asslysd) A5Y 5eiS sl (a3
1N (Gixs 488 60 e Ges PPM 40 Sl 385 ¢ 0.4 5)le 30l 3aS
e Laasl) mhan daphs Gyl Glawall Al dahull daludll ) il
bl e Al 35kl 4 pae) slsall Jainall 50 ) 28yl <OH- Cile saa
Dlanl) (5l o pia i) ] S clliyg L Andae Jalgy s e SI5eY) 335 8 s
o305k 48] pa colpall (o Ao L) clislall AU3Y daliinag b2y Sala ¢lpnd diyhay

Bl B g A Sl

taluaglll 7

65



(Aloe vera) Jkuall i paliiog pldial ) pad A8y sy 5 6l o gaia sl Sus] jpuaas
Tl Jlaall cha (V1) s isall A3) B Aolizel g

20y Loy dadand) ailiadll e (€l )ha dap il duhay oag -
Y] Al a7 g agihsll Gl il A€a dulp -

aaball .8
[1] Kim S-M, Lee Y-J, Bae JW, et al. Synthesis and
characterization of a highly active alumina catalyst for methanol
dehydration to dimethyl ether. App/ Catal A Gen 2008; 348:
113-120.

[2] Vaiani L, Boccaccio A, Uva AE, et al. Ceramic Materials for
Biomedical Applications: An Overview on Properties and

Fabrication Processes. J Funct Biomater 2023; 14: 146.

[3] Fallah Nia E, Kouki A. Ceramics for Microelectromechanical
Systems Applications: A Review. Micromachines (Basel) 2024;
15: 1244.

[4] Yuan N, Zhang X, Zhao A, et al. High—alumina fly ash as
sustainable aluminum sources for the in situ preparation of Al-
based eco-MOFs. Colloids Surf A Physicochem Eng Asp
2022; 640: 128421.

66



Ll a glad) Aol oaas daaly daa
padl) g dana 2 2026 s 5 aall 48 alaal)

[3]

[6]

[7]

[8]

9]

[10]

Rasheed SA, Nayef UM, Muayad MW. Synthesis of Al203
Nanoparticles via Laser Ablation for Photodetectors Application.

Plasmonics 2025; 20: 6611-6621.

Li M, Si Z, Wu X, et al. Facile synthesis of hierarchical porous
y—AI203 hollow microspheres for water treatment. J Colloid

Interface Sci2014; 417: 369-378.

Crigsan M, Zaharescu M, Kumari VD, et al. Sol-gel based
alumina powders with catalytic applications. App/ Surf Sci

2011; 258: 448-455.

Romero Toledo R, Ruiz Santoyo V, Moncada Sanchez CD, et
al. Effect of aluminum precursor on physicochemical properties
of AI203 by hydrolysis/precipitation method. Nova Scientia
2018; 10: 83-99.

Sumesh KR, Kanthavel K. Green Synthesis of Aluminium
Oxide Nanoparticles and its Applications in Mechanical and
Thermal Stability of Hybrid Natural Composites. J Polym
Environ 2019; 27: 2189-2200.

Sone BT, Diallo A, Fuku XG, et al. Biosynthesized CuO nano-

platelets: Physical properties &amp; enhanced thermal

67



(Aloe vera) Jkuall i paliiog pldial ) pad A8y sy 5 6l o gaia sl Sus] jpuaas
Tl Jlaall cha (V1) s isall A3) B Aolizel g

conductivity nanofluidics. Arabian Journal of Chemistry 2020;

13: 160-170.

[11] Jeevanandam J, Kiew SF, Boakye—Ansah S, et al. Green
approaches for the synthesis of metal and metal oxide
nanoparticles using microbial and plant extracts. Nanoscale

2022; 14: 2534-2571.

[12] Ikhioya IL, Nkele AC. Green synthesis and characterization of
aluminum oxide nanoparticle using neem leaf extract

(Azadirachta Indica). Hybrid Advances 2024; 5: 100141.

[13] Tran GT, Nguyen NTH, Nguyen NTT, et al. Plant extract-
mediated synthesis of aluminum oxide nanoparticles for water
treatment and biomedical applications: a review. Environ Chem

Lett2023; 21: 2417-2439.

[14] Xiong X, Liu J, Xiao T, et al. Remediation of uranium-
contaminated water and soil by biochar-based materials: a

review. Biochar2025; 7: 41.

[15] Zong P, Xu X, Shao M, et al. Efficient elimination of uranium
by carboxymethyl-3—cyclodextrin nanoparticles decorated iron
oxides: Water chemistry influences and mechanism

researches. Int J Hydrogen Energy 2021; 46: 1370-1384.

68



Ll a glad) Aol oaas daaly daa
padl) g dana 2 2026 s 5 aall 48 alaal)

[16]

[17]

[18]

[19]

[20]

Pan N, Li L, Ding J, et al. Preparation of graphene oxide-
manganese dioxide for highly efficient adsorption and
separation of Th(IV)/U(VI). J Hazard Mater 2016; 309: 107-
115.

He H, Zong M, Dong F, et al. Simultaneous removal and
recovery of uranium from aqueous solution using TiO2
photoelectrochemical reduction method. J Radioanal Nuc/

Chem 2017; 313: 59-67.

Lei Y, Li W, Han Y, et al. Biomimetic ZrO2—-modified seaweed
residue with excellent quorine/ bacteria removal and uranium
extraction properties for wastewater purification. Wafer Res

2024; 252: 121219.

JoY, Lee J-Y, Yun J-I. Adsorption of uranyl tricarbonate and
calcium uranyl carbonate onto y—alumina. Applied

Geochemistry 2018; 94: 28-34.

Galindo C, Nero M Del, Barillon R, et al. Mechanisms of uranyl
and phosphate (co)sorption: Complexation and precipitation at
a—Al203 surfaces. J Colloid Interface Sci2010; 347: 282—
289.

69



(Aloe vera) Juall cil galiiua aladiuly 5 pad A8 by (g 65l o gaia oY) Ll gudans

Alal) Jilaal) csa (V) il ) A1 (b Aokl

[21]

[22]

[23]

[24]

[25]

[26]

Karmakar R, Singh P, Sen K. Selectivity of Th(IV) adsorption
as compared to U(VI), La(lll), Ce(lll), Sm(Ill) and Gd(Ill) using
mesoporous Al 2 O 3. Sep Sci Technol 2021; 56: 2369-2384.

Xu L, Xu C, Bao H, et al. Selective Capture Mechanism of
Radioactive Thorium from Highly Acidic Solution by a Layered
Metal Sulfide. ACS App/ Mater Interfaces 2021; 13: 37308—
37315.

N. Njoku C, K. Otisi S. Application of Central Composite
Design with Design Expert v13 in Process Optimization. In:
Response Surface Methodology — Research Advances and

Applications. IntechOpen, 2023, p. 13.

Park YK, Tadd EH, Zubris M, et al. Size—controlled synthesis
of alumina nanoparticles from aluminum alkoxides. Matfer Res

Bull 2005; 40: 1506-1512.

Ghanta SR, Muralidharan K. Chemical synthesis of aluminum
nanoparticles. Journal of Nanoparticle Research 2013; 15:

1715.

Suryavanshi P, Pandit R, Gade A, et al. Colletotrichum sp.-
mediated synthesis of sulphur and aluminium oxide

nanoparticles and its in vitro activity against selected food-

70



Ll a glad) Aol oaas daaly daa
padl) g dana 2 2026 s 5 aall 48 alaal)

borne pathogens. LWT — Food Science and Technology 2017,
81: 188-194.

71



(Aloe vera) Jkuall i paliiog pldial ) pad A8y sy 5 6l o gaia sl Sus] jpuaas
Tl Jlaall cha (V1) s isall A3) B Aolizel g

72



Al aslad) Al waan daals Aaa
Glaad Gaa 2 2026 als 5 ) 48 laall

Jaon iliSi 95 3 gansol—H a5 y0ll Ghsulys (11) ogaatall palliciauly ssdas
dsdnog 1S yoll dajyelall daiall daulysg yitaul Juid gelsy Suaygtaugall

FOlard Cpma 2

uadldl

3 Al did el eyl wgdll mea AU 58 60 snall Slesll Gl uma
sine yad, (PhOSS — Tilaia) 4l Ui i), (PhO)2P(S)NHP(S)(OPh)2 isluas dasuall
Jlaisl 4l L& o3, PA[(PhO)2P(S)NHP(S)(OPh)s] Asluas Axsaall 55 Lua oDl
A 3jeal aladn Ll ALy A5l Lag—aalsd (e ams Canaa ¢ 3y Jiixs dize a5 PAPhOSS
dap Ly NMR —abisal) (55 gpidall Glidaly ¢ gyaiall Jlailly IR Cageda UV Cagiba) 8855
OIS i) Aa V) gyl A Aa algy 4l anall ol S pall Ayl Al g WS L (Llemail)
O ABLGe 2 Bang (8 (anl) legany o Gl e e ks Gl PhOSS Sl 4y ) Asll
s3> oo PAPhOSS  sixd) 4y sl (granll amsill 353 N H LS Glimgpaedl ad) DA
plai 8 Cup€ il ol Aatiye gDl 83 (0S5 ¢ Oliliia 5 Jilaia 3$aS Pd psedUll 353 (53 Jgjaa
S—Pd—S iyl ied iloy 2.345(6)A4° pd— S om Adlwdl (5Si5 cosdia puye (S5ise
Aolee 3y Sl gl 8 Sl (e ilid 315 asantl Agia gl Ayl caie].98.29(4)°
s—mal) ol 8 03805 o S apant) (g T g3 52 Jalae aadt i) Gadlan )
g5 dale G+ 4 Al 30l AL L) Al sy el Al SHE G Gl e Tale
LSPhOSS  (S3all (e dilide 138155 (giny (gsme Jassgy elall i< man Jslaa oy o PA* oy
Bl )5Sl aadi il palii ) (e i 55 xie PH U1 a8 a0 AV PA®* (5 555 dale sy

by Ly 53 Cilaslen Caad

igshl) Al ¢ JiLadl— L) (DAY caseDUl) (o tApalia cilals

s — AU Gaals — aslall IS — LSl ad— delua S 7

73



L) Al pa g ) Jah (o) el phon gil) aan (AT 05 (g gasalall S pal) Anal g (1) puaBlal) addia g e
s g S jall 4y 5L

ABSTRACT

Complexation and extraction of palladium (11) by the
compound p-Imidodithiodiphosphoric acid tetra phenyl ester
and study of the crystal structure of the compound and its
complex

Dr. Moein nouaman

The chemical compound p-imidodithiodiphosphoric acid tetraphenyl ester,
with the chemical formula (PhO)2P(S)NHP(S)(OPh)2, abbreviated as PhOSS, was
prepared, along with its palladium complex, Pd[(PhO)2P(S)NHP(S)(OPh)2], abbreviated
as PdPhOSS. This complex is a neutral compound. Some of their physical and chemical
properties were determined using available techniques (UV spectroscopy, IR
spectroscopy, elemental analysis, NMR spectroscopy, and melting point analysis). The
crystal structure of the compound and its prepared complex was also studied using X-ray
diffraction. The results showed that the PhOSS compound consists of two non-
independent molecules in an asymmetric unit. Through the N...H...S hydrogen bridge, it
returns to its dimeric position. The structure of the PAPhOSS complex consists of an
isolated molecule containing a palladium atom, Pd, as a symmetric or symmetric center.
The palladium atom is bonded to four sulfur atoms in a distorted square planar system.
The distance between pd-s is A*°(6)2.345 and the value of the S-Pd-S (4)"o angle is
98.29. The photometric method was adopted to determine the concentrations of palladium
metal ions in the aqueous medium after the extraction process (*2-nitroso,1-naphtol
solution was used) to determine the concentrations. The values of its concentrations in
the organic phase were calculated based on the difference between the initial
concentrations prepared for it in the aqueous medium and the final concentrations therein.
The distribution factor of the Pd2+ ion was studied between a hydrochloric acid solution
medium and an organic medium containing different concentrations of the PhOSS
compound. The distribution factor of the Pd2+ ion was also studied in terms of the change
in pH values at a constant concentration of the previously mentioned extract used, and
the distribution information was evaluated numerically and graphically.

Keywords: Palladium ion, liquid-liquid extraction, crystal structure.

*Associate Professor. Department of chemistry, Faculty of sciences, Lattakia University, Lattakia, Syria
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s Gdland e pH ek s i ~(4) U0

Gk Ale Dpd andUll sl 35 dale L 5 PH J) dad s G A G (4) S8 (g 20l
Al 5yl of o Lk AglUaall BN (e A Aad 4y 1.9546 4l s Tady A Jid ¢
S5 byl g ligigpll €5 pmidsl pH ) LS al ) @l gy pH ) dad alajl alap Syl
Sl Ada gy (gl Hodall ) Sl gl e ST a0l sl e Je Lae 2S5 pasgl)
c sl dale dad (e ady Laa (g skl

S5 s AN POZ g5l Jale s )yl da guapall cillaladiall el £ padASuN) cilaliiind

g5l dale L5 Ay die Jlall Gy (el sl day ¢35l dale of (HA) PhOSS sl
O o 138 (2) Al e 4ad Ledsse oy Aaione Unshad A5 535k IS PH e s ANy
Pd* +2HA —  PdA2 + 2H" 40 dlaleall G385 o5 (D) Jelis

4.2BUAYy glil) PAPhOSS dites PROSS ciyall iy slll Al
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L) a glad) Alaa uaaa daala Uaa
Olaad (a2 2026 ale 5 2l 48 alaall

330pally Lo 45y Jelail) Adee (05S5 Cum (162¢3) ¥ alaall g (PROSS) Syall ol

ISy il b Jelil mahe lle e dam Jaadl calS L Jelall Ja € aaat el Codall Ao gy (3laty

AlasSl) Axgall cid) el sale) A sy N o Sy adsie st g5tz (CEH50)3PS Sl

H- #IP-NMR  —shaliaall gssill (pilal) Cada dda wlgys (gyaminll Jidaill 4laufsy PNOSS (S yall

Lyt (A pally el Gl 23a LS (5) Jsaall 4B dgllas dlaulsy Lads °C-NMR sNMR

&b 4 ganas oigiall Byslaiall 33 —all mpad Jyjaall CSpall dyelll Al Jidas A (e Gl il WS
655 CplSall 8saaly 40

Chansy (il pniash b Al b)) Lalially PROSS (el 3)skaidl) §yp0all JS (o pns ~(5) Sl
Sgall Zoay dal e Gamgnedl QY Gaxdinly %30 dadladal duay aablal J< @)l
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L) Al pa g ) Jah (o) el phon gil) aan (AT 05 (g gasalall S pal) Anal g (1) puaBlal) addia g e

sudina g oS yall 4y 5 5L

o o & B

ey

saaly i 3 PhOSS (Sall e iligal) el A2 i Sy 500 - (6) S

Aauls Adagye dpslall sasgll WA (APhOSS Sl (o (i (o Adlie 25U Aaulsy 8)5ll) J<

b s daid el sl paes Sl Ay 3 Adagalal) elli] Jilaie S NLHLLLS Raiag yned) Jal )

Gy uel) o) el (he Conaal Bing puell Jads )l 038 0555 [(CoH), PSI,NHI9] dlisinid g0
Sl o dagall jelay 13 [4] PAOOO eyl 4l ey sM[(CeH50),PO],NH <Syll H...O. ..N
Sl angy i (logk = 3.3) ol Jslase S gran 5 S JS 5y o5 PROOO
& PhOSS S oall 6 Gyl ALl (0585 . ayil) cudall (ol 8 ppasiasl salal JS2 PROSS
P11-N1-P21 = 129° (1):Lshl 15855 (E.Z) (38155 & 2n5i5 S-P-N-P-S

P1-N1-P2: 130.0(3) «Zua (PhOOO) xSyall b Jlall o LS5 Pyo—Ny=Pay = 130.4°(1)
ia g pael Al <l Al P1p-S1p =1.912(1) A% 5 Pui- S11=1.911(1)AY & clild) (45
Loyl lilose (5585 Aa €5 OP2p-Spp: 1.892(1)A 5 P21-S21 =1.894(1)A%s dalusall (e Jshl il
P22 — N2 P21 — Ni= 1.662(2) A® &lli (il P1p —Np =1.65(2)A° 5 P11-N1 =1.653(2)A°
Tafg I iskl 01585 [9] [(CeHs)oPSTNH (Sl sl Ll il L 13y sl Jle= 1,670(2) A°
JSsy Po- Ni1.6 53(6) A% 5 P1—N = 1.639(6)A° : V< PhOOO Syl . dijlladll P -N
P-5P-S  Lalyll (s cclyysinnsill S (men ol fia 8 Y algall 4llall Ll Sl iy . it
- S=1.937(1) A% , 1.950(1) A% P-iélisins sill mes ciliiiie b Aladl) Jals )l 3 (e yuadiN

[9] P-N=1.683(2) A° ,1.672(2) A° P

Cua ¢ PhOSS aiall agin Ll 3lly bl G clilusal) (2) Jsandl alaiys 4l cifaiall (1) Jsaad) sy
e omial (8 Ay (PKg = 3.16) 3,6 culd gl dcaganys &8basl) cdle i) & HA Sl 4 e
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Al aslad) Al waan daals Aaa
Glaad Gaa 2 2026 als 5 ) 48 laall

i Cua(PK, = 2.42) dais dlysingd S sual Gaes i) Jid 2ly) PHOOO S)all b el
A Aaleall 188 diamall lisd) e Al ADLE Cldine

MZ +2HA — MAz+2H" (5)

Apshll Al X sy (Sl Jilal)l i) Al aulsPAPROSS  apdlll diee e Jod
o Ol iae Qe aa g Adandss 41 Adiall ) hiall §ygall (7) JSEH (mpay Aiadl 2081 3 gn Adad sy
G5imsa qape Ay 2l 3 (PhOSS) dagiyall (e caypS iy aol Aanlsy 2 50ll 853 dieal Slalall <5

Y
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All) Al 2 g el 338 ol el gl sl aan AU 5 (50 gaalapl S pal) Adaa) gy (1) pgadlall (adadi g 35
suina g o jall 4y ) gLl

() Gl Clahai) aa (€ 5. .7 S) Beg 4pball 41 PhOSS  Syall ey 43l culailill= (1) Jsaal)

Atom x v z B., (A)
P11 0.65033(5) 0.82297(3) 0.49143(2) 3.02(2)
P21 0.68326(5) 0.86875(3) 0.64605(2) 3.24(2)
P12 0.73984(6) 0.47538(3) 0.89182(3) 3.59(3)
P22 0.82698(6) 0.26813(4) 0.92366(3) 3.98(3)
S11 0.56822(6) 0.89078(4) 0.40903(2) 4.13(3)
S21 0.82078(7) 0.75212(4) 0.66368(3) 4.50(3)
S12 0.58619(7) 0.58549(4) 0.92644(4) 5.00(3)
S22 0.98136(7) 0.23913(5) 0.84545(3) 5.23(4)
oO11 0.8126(2) 0.7573(1) 0.4767(1) 3.9(1)

o021 0.5716(2) 0.7524(1) 0.5284(1) 3.9(1)

031 0.5193(2) 0.8864(1) 0.6803(1) 4.2(1)

LO4a1 0.7087(2) 0.9612(1) 0.6741(1) 3.8(1)
012 0.8970(2) 0.4671(1) 0.9098(1) 4.7(1)
o222 0.7691(2) 0.4601(1) 0.8056(1) 4.1(1)
032 0.8677(2) 0.:252°7(1) 1.0051(1) 5.9(1)
042 0.7143(2) 0.2093(1) 0.9287(1) 4.9(1)
N1 0.6612(2) 0.8927(1) 0.5580(1) 3.7(1)
N2 0.7163(2) 0.3785(1) 0.9290(1) 4.1(1)
Cc111 0.8464(2) 0.6754(1) 0.4327(1) 3.9(1)
Cc121 0.8397(3) 0.5933(2) 0.4657(2) 5.5
Cc131 0.8777(4) 0.5126(2) 0.4203(2) 7.3(2)
Cc141 0.9174(4) 0.5163(2) 0.3472(2) 7.5(2)
Cc151 0.9243(4) 0.5993(3) 0.3155(2) 7.4(2)
Cc161 0.8897(3) 0.6802(2) 0.3587(1) 5.6(2)
Cc211 0.4323(2) 0.7501(1) 0.5169(1) 3.8(1)
Cc221 0.3171(3) 0.7954(2) 0.5663(2) 5.8(2)
Cc231 0.1827(3) 0.7872(3) 0.5584(2) Z.8¢C2y
c241 0.1651(3) 0.7352(3) 0.5033(2) 7.6(3)
c251 0.2827(4) 0.6881(3) 0.4548(2) 8.2(3)
c261 0.4197(3) 0.6959(2) 0.4605(2) 6.3(2)
Cc311 0.4725(2) 0.8952(2) 0.7567(1) 3.8(1)
Cc321 0.4266(3) 0.9822(2) 0.7886(1) 5.0(1)
C331 0.37183) 0.9929(2) 0.8626(2) 6.0(2)

- C341 0.3656(3) 0.9149(2) 0.9033(1) 6.2(2)
C351 0.4098(3) 0.8276(2) 0.8702(2) 6.5(2)
361 0.4649(3) 0.8163(2) 0.7955(2) 5.4(2)
Cca11 0.8453(2) 0.9763(1) 0.6706(1) 3.8(1)
Cc4a21 0.9293(3) 0.9438(2) 0.7267(1) 5.0(2)
Cc4a31 1.0579(3) 0.9657(2) 0.7262(2) 6.6(2)
441 1.1005(4) 1.0184(3) 0.6700(2) 7.2(2)
c4a51 1.0147(4) 1.0503(3) 0.6142(2) 7.3(@)
C461 0.8835(3) 1.0299(2) 0.6143(2) 5.5
112 0.9869(3) 0.5211(2) 0.8836(1) 4.2(1)
Ci122 1.1230(3) 0.4930(2) 0.9067(1) 5.3
132 1.2202(3) 0.5410(3) 0.8848(2) 6.6(2)
142 1.1829(4) 0.6167(3) 0.8392(2) 7.0(2)
C152 1.0455(4) 0.6464(2) 0.8173(2) 6.4(2)
Cc162 0.9455(3) 0.5984(2) 0.8397(2) 5.5(2)
Cc212 0.6605(2) 0.4858(1) 0.7579(1) 3.8(1)
C222 0.5595(3) 0.4397(2) 0.7582(1) 5.3
Cc232 0.4568(3) 0.4659(2) 0.7092(2) 6.2(2)
2242 0.4604(4) 0.5368(2) 0.6592(2) 6.5(2)
Cc252 0.5650(4) 0.5808(2) 0.6597(2) T1E2S
Cc262 0.6655(3) 0.5555(2) 0.7089(2) 6.1(2)
312 0.9987(3) 0.1926(2) 1.0252(1) 4.3(1)
C322 1.0040(3) 0.1044(2) 1.0498(2) 5.5



Al e‘,ﬂim waan daals Aaa

e (a3 2026 ol 5 2:21) 48 sl
(1)dsaall 16
Atom X y z B..(A)
C332  1.1287(4)  0.0485(2)  1.0746(2)  7.2(2)
C342 1.2440(4) 0.0794(3) 1.0754(2) 8.6(3)
C352 1.2378(4) 0.1668(4) 1.0509(2) 8.9(3)
C362 1.1140(4) 0.2264(2) 1.0253(2) 6.8(2)
C412 0.6206(3) 0.2149(1) 0.8740(1) 4.5(1)
C422  0.4750(3)  0.2548(2)  0.8946(2)  6.2(2)
C432 0.3789(3) 0.2608(2) 0.8431(2) 7.0(2)
C442 0.4300(4) 0.2277(2) 0.7726(2) 6.5(2)
C452 0.5764(3) 0.1874(2) 0.7534(2) 6.1(2)
C462 0.6745(3) 0.1801(2) 0.8040(2) 5.5(2)

:PhOSS S5all () dayally W3l (A?) assimeaily b (s La 3jlisd) clilisall= (2) Jsaad)

P11—S11 1.911(1) P21—S21 1.894(1)

P11—N1 1.653(2) P2{—NI 1.662(2)

P11—O11 1.5771(2) P21—031 1.583(2)

P11—021 1.576(2) P21—041 1.582(1)

P12-S12 1.912(1) PRS2 1.892(1)

P12-N2 1.650(2) P2—N2 1.670Q2)

P12—012 1.569(2) P2—032 1.578(2)

P12—022 1.573(1) P2—042 1.593()

av0—C) 1.406(5) avC—0) 1.37(1)

St1—H{ 2771(1) S12—HY' 2.769(1)

() 1-x, 2-y, 1-z,1-z (1) 1-1-y, 2-7 : g lalull z3sall

S11 —P11—N1 112.76(6) S21 —P21 —NI 115.82(7)
S11 —P11—011 116.81(6) S21 —P21 —031 118.27(6)
S11 —P11—021 116.02(6) S21 —P21 —041 117.79(6)
011—P11—N1 101.47(8) 031—P21 —N1 100.12(8)
011—P11—021 101.21(8) 031—P21 —041 99.62(8)
021—P11 —N1 106.90(8) 041—P21 —N1 102.17(8)
S12—P12—N2 112.46(7) $22 —P22—N2 116.73(7)
S12—P12—012 117.52(7) S22 —P22—032 117.66(8)
$12—P12—022 115.66(6) S22 —P22—042 117.90(7)
012—P12—N2 101.31(9) 032—P22—N2 101.4(1)
012—P12—022 100.55(9) 032—P22—042 98.1(1)
022—P12—N2 107.72(9) 042—P2—N2 101.92(9)
P11—N1 —P21 129.3(1) P12—N2 —P22 130.4(1)
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L) Al pa g ) Jah (o) el phon gil) aan (AT 05 (g gasalall S pal) Anal g (1) puaBlal) addia g e
s g S jall 4y 5L

——— 4 3y 3 [CeHB0)2P(S)NP(S)(OCeHs]2Pd aiaall 1aa iy (G idasale clidlia) aasy
ol 4l ey 52y 12]][CeH50)2P(S)NP(O)(OCeHs]2Pd 55 4ia il séxdll 235 PAPhOSS
Osd Gl s € i a)ly PAPROSS sl siaall d s o) oyl 3y Wiy PAPhOSO.
JalS ISy 3815 Lo 1aas (yiilagipall (e N g3l (335 S oS (FO%(PAPROSO)  siadll b o spdLl)
80 0588 L il daeli cld N 5 S Gum cch) o sshhall o dagell dpeglall 50 Lkl a
el f Akl 83l i3 a5l 53 e agieilly L Y Aagiyal) 88 smsall ld Gebid OpansY)

- [13,15] (A 4l 5jal) 35ludlly 35)kall 3y A L]

Gl aea I8 el L8 P-S = 2.345 AY PAPhOSS sieal/ & PA-S Ll s osS;
el ALl @l e QG Jskl PES = 2.342 A _aPAPhOSO aiel/ b 23Lwudl)
[CsHsNS2)s] aiaall & dlla sy [16]  P-S = 2.327 A°  _a, [SC(NH,),l4PdCL,
Gis PAPhOSS b a5l 53 Jea Wis3ll ()6 .[17] Pd-S = 2.325 A? a5PdCl2.2C3HsNS:.
dinall 3 el (e ST daa a U)53S1 - Pd -S2': 81.71(4)° «S1- Pd- S2 =98.29(4) © V!
ddaulgy @lld ~Liay ¢ Uai .S-Pd-N' = 101.47(4)% S — Pd — N=78.53(8)° s PdPhOSO
Ny ¥ @l e gandl o slel ga PROSS ddagsall 8 coppsll chdd i Jaliad) Jadl
P-S = dalsdl Jara 0585 L2l 5o 8 J8l Jdls iy @llys PAPhOSO el 3 S sl
A dga s P-S = 1.987(4) A® PAPhOSO sisall b elli (e skl PAPROSS i 1.998(4) A°
.P-N = 1.61(3)A° Cya PAPhOSO ieall 4 &lli (o _suad/ P-N = 1.570 (2)A? dlasll Joma 35S

olaily g IV o Amiys CpamanSY) e Lgiilie die U 553 Aunidiall Al oS0 ey 138
IS P-N bl Jsha uealiiy P-S aadll sk () a5 ills g5V 853 Al eSI Y eyl
&8ss 8 LS PhOSS Syl b Lgia Jskl PAPhOSS 8 P-S Lyl Jska of colilad) (455 . e
Ciaiay (4) saad) (A b sl el Anle (CoH50) c¥aliaal (b Ulg3lls Jads ) ol coliboaal) (55

(5) dsaall A egiall
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Al aslad) Al waan daals Aaa
Glaad Gaa 2 2026 als 5 ) 48 laall

llaia) daw aalla) I3 Al cies) PAPNOSS. aisall 2iial ) dadada g 3)5daia §)0a —(7) JAN

8yseall Zoas dal e Gansuedl Gy il s 30 %

e laglaall aal 330 23 435 cppdie AR Gladia de (muisd Ja) G0 PROSS reufialf (alsd
g el At Aa)Y) Wl 3TP-NMR = 50.8 ppm 31— siu sél) 3,3 Al Aa)3Y) «aglall
H-NMR 1 Sl & Qo de sanal 450 dal3¥ly H-NMR(NH): § =5.8 ppm1 53y xie
BC-NMR(NH): =150.5(Jpc : o &yl dilall i oy5SU5 (Phenyl 20 H): § = 7.2 ppm

— Spall gpaiall Jilaill =7.7Hz) Cipso 121.1 (5) Coror 129.6(1.7) Crneta 125.7(1.9) Copara-
- 112 °Cojlguail 4y ( 513.509) Apall 43)5 CosHyyNO4P,S, PhOSS:

PhOSS  jall (g pumiall Jilatll i (3) Jsaal

P% S% H% N% C%
12.1 12.5 4.12 2.73 56.1 | gkl dedl
12 12.1 3.9 2.56 55.9 | el degl
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All) Al 2 g el 338 ol el gl sl aan AU 5 (50 gaalapl S pal) Adaa) gy (1) pgadlall (adadi g 35
suina g o jall 4y ) gLl

Beg 4l 4¥saliag Cpang yned) b3 (e (PdPhOSS) iz al) gsﬁ lAll dy)HAl) enlasluall— (4) Jgaall

(8.5..,8) Gausd o Bluall laaiY) as

Atom x b4 z B, €¢A)
Pd 0.0000 0.0000 0.0000 2.20(2)
S1 0.1556(1) 0.0759(1) 0.1023(1) 2.80(5)
S2 —0.0667(1) 0.1148(1) 0.1015(1) 2.70(5)
P1 0.2108(1) 0.1790(1) 0.0387(1) 2.40(5)
P2 0.0942(1) 0.1496(1) 0.1392(1) 2.40(5)
o1 0.13243) 0.2647(2) 0.0518(>) 3.2
o2 0.3488(3) 0.2063(2) 0.0923(2) 2.8(1)
o3 0.1384(3) 0.0795(2@) — 0.2028(2) 3.1(2)
o4 0.0609(3) 0.2300(2) —0.2075() 3.2
N 0.21433) 0.1697(3) —0.0636(3) 2.6(2)
C11 0.0761(5) 0.2835(3) 0.1242(3) 2.9(2)
Cc12 — 0.0499(5) 0.2638(4) 0.1180(4) 3.8(3)
Cc13 —0.1076(5) 0.2876(4) 0.1879(4) 4.6(3)

. C14 — 0.0414(6) 0.3284(4@) 0.2628(4) 4.93)
Cc15 0.0850(6) 0.3490¢4) 0.2671(4) 4.6(3)
Cc16 0.1463(5) 0.3260(4) 0.1990(4) 4.1(3)
Cc221 0.46054@) 0.1638(3) 0.0756(3) 2.7(2)
c22 0.5283(5) 0.2051(4) 0.0209(4) 3.8(3)
Cc23 0.6405(5) 0.1683(4) 0.0076(4) 5.03)
Cc24 0.6806(5) 0.0914(4) 0.04954) 5.2(3)
25 0.6102(5) 0.05004) 0.10234@) 4.7(3)
Cc26 0.5006(5) 0.0857(&) 0.11804) 3.7(3)
31 0.0532(05) 0.0384(3) —0.2739(3) 2.8(2)
32 0.0393(5) —0.0516() —0.2684@4@) 4.1(3)
33 — 0.0406(7) —0.0913(@) —0.3387(4) 5.203)
C34 —0.1027(6) —0.0501 (& —0.41004) 5.3(3)
C3s — 0.0916(7) 0.0400(5) —0.4154@) 6.2(4)
Cc36 — 0.0083(6) 0.0856(4) —0.3464@4@) 4.53)
Ca1 0.0559(5) 0.3153(3) —0.1719(3) 3.0
Cc4a2 —0.0591(6) 0.3477(4) —0.1625@@@) 4.8(3)
Ccas — 0.0599(7) 0.4350(4) —0.1335(5 6.3(4)

Caa 0.0491(7) 0.4820(4) —0.1162(@) 5.9
cas 0.1593(6) 0.4501(4) —0.1301(4) 4.9(3)
Ccae 0.1649(5) 0.3651 (@) —0.1583@@) 4.03)

Ll Dl il 8 diejumy Cus &y meall Adagl) diag Mgy s 0 Hle 8PHOSS Sl
2 (Potentiometric) i ssiall splad) A 0 PKa = 3.16 4 PKy ded caly Cua (HA 50l
S SV g o gaisal 5 S50 pe o(411) Loty oW/ Sl Jiine solal JsnS JiUe Y (re e
laldl) ey ¢ (dseff 519) abddl Gl ol 058 AR Clada sae (ye Jlil] dagll) 320
PhO SS Sl (e /U 0.03 24T Cum (Usaff 495) cosll LAl sk & dfine)se )
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L) a glad) Alaa uaaa daala Uaa
Olaad (a2 2026 ale 5 2l 48 alaall

oAy ddyyla ddaler amy il cula ‘53 PhOSS S yall 3 yanall cull daas o CHCIE@J}}‘))ES\
celally il (st (wPhOSS «Sull ¢35 Jal e Log K= 4.7 5 log Kaim < 1:cus 11/

:eblill £ 35lPAPhOSS  siaall S all JaY (A?) 5yliaall il oy cililiadli= (5) Jsanll

Pd—S1 2.339(1) Pd—S2 2.351(1)
P1—S1 2.002(1) P2—S2 1.993(2)
P1—N 1.571(4) P2—N 1.568(4)
P1—O01 1.591(4) P2—O03 1.580(3)
P1—02 1.587(3) P2—04 1.603(3)
av(0—C) 1.41(1) aw(C—C) 1.37(1)
S1—Pd—S2 98.29(4) S1—Pd—S2' 81.71(4)
S1—P1—N 118.5(2) S2—P2—N 117.8(2)
S1—P1—01 112.0(1) S2—P2—03 112.3(1)
S1—P1—02 107.1(1) S2—P2—04 107.6(1)
01—P1—N 108.6(2) 03—P2—N 106.2(2)
01—P1—02 100.2(2) 03—P2—04 100.3(3)
02—P1—N 108.9(2) 04—P2—N 111.32)
P1—N—P2 124.2(3)

~gplalall Esfﬂ\—(l) -X, =Y, ~Z

slo Ja 50 SPACI, (a (0.0056mMOl) § 1 (e Jslase za tAsaled yaniy PAPhOSStirall judaas
Sl e (3o 0.0005) § 2.56 (ssins (U3e 0.005) 3l (s Ja 50 Jsbaa ga e sle Ja 105
oo Sy (gomnll Gpyshall Jusd L Tags Alaal) @iy miall Caldy) aey (Adds (pie sad (a4 PhOSS
On Jeliil) Alaga 3 LED Ja vl caliall a0l 01 gpuimal) ol A4 ¢ imandl Loguinny
Lileasl An LY (555 30 Aty sy o 23 Jslaall 5 25 i) o U Ay () 3 2o

= dinall gpaial)l il (1131.410) sl Gislls 1837 lyleaail 4as05° 3P-NMR = 45.1
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Abstract

This paper presents a systematic comparison between
the Regularized Newton Method and Nesterov’s
Accelerated Gradient (NAG) for smooth convex
optimization problems with twice—differentiable
objectives. We analyze their continuous—time dynamical
interpretations, discrete—time convergence rates under
strong convexity and Lipschitz Hessian assumptions,
per—iteration complexity, and numerical stability. While
NAG achieves the optimal 0(1/k?) rate among first-
order methods, the Regularized Newton method offers
quadratic local convergence at 0(n®) cost per iteration.

We propose adaptive switching strategies that initiate
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with NAG for global acceleration and transition to
regularized Newton steps when the gradient norm falls
below a predefined threshold. Numerical experiments
demonstrate that the adaptive ANN scheme achieves
global complexity comparable to NAG while requiring
only 1-8 Hessian solves, resulting in 2—6x faster
execution than pure Regularized Newton with enhanced
local refinement. Theoretical analysis confirms linear
convergence in the strongly convex case, with local
superlinear behavior under standard assumptions.
Numerical experiments on quadratic, logistic regression,
and Rosenbrock functions, along with an application to
robotic trajectory optimization, validate the stability and
efficiency of the adaptive scheme. Our results highlight
the complementary roles of first— and second-order
information in modern optimization and serve as a clear
reference for understanding the fundamental trade-offs

between these two classical approaches.
Keywords: Convex Optimization, Regularized Newton,

Nesterov Acceleration, Adaptive Methods, Convergence

Analysis, Dynamical Systems
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1. Introduction

Optimization is a foundational pillar of applied mathematics,
underpinning advancements in machine learning, optimal control,
signal processing, and scientific computing. For unconstrained

minimization problems of the form

minf(x), f € C?(R"M),

x€ERM

where f is convex and twice continuously differentiable, two
classical methods have shaped the field: Newton’s method,
introduced in the 17th century and refined with regularization [10,
11], and Nesterov’s Accelerated Gradient Method (NAG) [1],
which established the information—theoretic lower bound for first-

order methods in the convex regime.

Newton-type methods exploit second-order information—the
Hessian matrix V2 f (x)—to construct quadratic approximations of
the objective, yielding quadratic local convergence near a
minimizer under standard assumptions (strong convexity,
Lipschitz Hessian). However, their 0(n?®) per-iteration cost due
to Hessian inversion and sensitivity to ill-conditioning limit

scalability in high—dimensional settings.
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In contrast, NAG enhances gradient descent with a momentum
term, achieving the optimal 0(1/k?) convergence rate for
smooth convex functions [1] and linear convergence under strong
convexity [4]. Its O(n) per—iteration complexity makes it the
method of choice in large—scale machine learning, where n may
exceed 10°.
Despite their complementary strengths—local precision(Newton)
versus global efficiency (NAG)—a systematic, unified comparison
remains absent from the literature. Existing analyses are
fragmented: dynamical system interpretations appear in [2, 6] for
NAG and [5] for Newton flows, but rarely under shared
assumptions. Convergence guarantees are typically derived in
isolation, and stability under Hessian indefiniteness or numerical
round-off is underexplored. Moreover, while hybrid methods
have been proposed [7, 8], they often rely on abstract
acceleration frameworks (e.g., HPE) without practical switching
heuristics or empirical validation on non—quadratic functions.
This work fills this gap by providing a rigorous comparative
framework for the Regularized Newton Method and NAG,
analyzing:

«  Continuous-time dynamics: damped Newton flows vs.

inertial systems with time-varying friction,
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- Discrete convergence rates: global 0(1/k?) vs. local
quadratic, under y—strong convexity and L-Lipschitz

Hessian,
- Computational complexity: 0(n®) vs. 0(n) per iteration,

*  Numerical stability: role of regularization, eigenvalue

control, and oscillation damping.

We further propose adaptive switching schemes that dynamically
transition from NAG to regularized Newton based on gradient
norm decay. Unlike static hybrids that incur O(n3) cost
throughout, our method preserves NAG’s global 0(,/L/€)
complexity while activating second-order refinement only in a
small neighborhood of the solution, achieving superlinear local
convergence with minimal overhead. Theoretical analysis

establishes:
- Global convergence in 0(,/L/¢) iterations,
«  Local superlinear rate once || Vf(x;,) lI< 6,

* Robustness to Hessian ill-conditioning via adaptive

regularization.

Numerical experiments on benchmark functions (quadratic,

logistic regression, Rosenbrock) and real-world applications,
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robotic trajectory optimization, and demonstrate that the adaptive
scheme consistently outperforms standalone NAG and

approaches Newton’s precision at a fraction of the cost.

The paper is organized as follows: Section 2 reviews the
Regularized Newton and NAG methods with their dynamical
system analogs. Section 3 derives unified convergence bounds.
Section 4 presents the adaptive switching algorithm and its
theoretical guarantees. Section 5 reports empirical results.
Section 6 concludes with extensions to non—-convex and
distributed optimization.

2. Mathematical Background

We consider the unconstrained optimization problem

min f(x),

x€ERM

where f:R" — R is twice continuously differentiable (f € C?),

convex, and satisfies the following standard assumptions:

f is u—strongly convex for some u > 0:

U
fNZf+VET G-+ ly—xI? Vxy.
The Hessian V2f(x) is L-Lipschitz continuous:

IV2F() = VGO IS LIly —x I, Vx,y.
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These assumptions imply mI < V2f(x) < MI withm >u >0
and M < L + u, ensuring positive definiteness and bounded

condition number k = M/m < L/u + 1.
2.1 Regularized Newton Method

The classical Newton update is

Xir1 = X — [V Qo)1 7HVS ().
However, V2f(x,) may be indefinite or ill-conditioned far from

the minimizer. The Regularized Newton Method addresses this

by introducing a damping parameter 4, > 0:

Xepr = X — (VP Q) + 4D 7HVF (x).
The modified Hessian H, + 4,1 has eigenvalues at least 1, > 0,

ensuring positive definiteness and invertibility.

In continuous time, the Regularized Newton method corresponds

to the damped Newton flow:
() = —(V2f (x(®©) + A1) VF(x (D),

which can be interpreted as a nonlinear preconditioned gradient
flow [5].

2.2 Nesterov’s Accelerated Gradient Method (NAG)
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Nesterov’s method enhances gradient descent with an
extrapolation (momentum) step. For a fixed step size a > 0, the
update is:
Vi =X+ Br(x — Xp-1),
Xe1 =Yk — @V (i),
where 3, € [0,1) is the momentum coefficient. A common choice
is:

k 1
a=-.

ﬁk=k+3’ L

This yields the optimal 0(1/k?) rate for smooth convex functions

[1].

In continuous time, NAG is modeled as a second—order inertial

system with time-varying damping [2]:
3
() +-x(0) + Vi (x(t)) = 0.

The damping coefficient % grows inversely with time, enabling

acceleration while preventing oscillations.

Table 1: Comparison of Regularized Newton and Nesterov

Accelerated Gradient

Property Regularized Newton Nesterov (NAG)

Information used Vf,Vif Vf only
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Property

Regularized Newton

Nesterov (NAG)

Per—-iteration cost

0(n?®) (Hessian

0(n) (gradient)

conditioning

solve)
Global rate Sublinear (with line | 0(1/k?*) (optimal)
(convex) search)
Strongly convex Linear » Quadratic Linear: (1 —
rate (local) \/y_/l,)k
Local Quadratic (if 1, — Linear
convergence 0)
Sensitivity to High (needs Moderate (step size

regularization)

tuning)

Continuous analog

Damped Newton

flow

Inertial system with

3/t damping

2.3 Comparative Summary

Table 1 summarizes the key properties of both methods under

Assumptions 2-2.

The Regularized Newton method excels in low—dimensional,

high—precision regimes where second-order curvature is

affordable and accurate. NAG dominates in high—dimensional,

large—scale settings where 0(n) operations are critical. This
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complementarity motivates adaptive hybrid strategies, explored in

Section 4.
3 Convergence Analysis

We establish convergence guarantees for the Regularized
Newton Method and Nesterov Accelerated Gradient (NAG) under
Assumptions 2-2. All results are derived in the worst-case

deterministic setting.
3.1 Regularized Newton Method

Let 1, = Anin > 0 be chosen such that

min

sz(xk) + Akl 7 Aminl-

A standard choice is A1, = max{0, A, — Amin(sz(xk))}.

For any x;,

fOtes1) < fxg) —

20V G T MV G I

Let x* = argminf. There exist §,C > 0 such that if || x;, — x™ ||
< §and 4, < C |l Vf(xy) I, then
|l X1 —x* IS Kl x, —x* 1?2, K >0.

**Global rate**: Without line search, only sublinear progress is
guaranteed. With backtracking (a; € (0,1] satisfying Armijo), we

obtain

106


file:///C:/Users/hh/Desktop/مقالات%20جديدة%202025%20قيد%20النشر/مقالة%20غيداء7/مجلة%20حمص/حمص%20A.N.GH..docx%23sec:adaptive

Aalu® asiad) Al waan daala Ay
Crn 3gad 3 ule Gy gk el gl slad 2026 als 5 1) 48 Alaal)

f(xps1) < flx) —c l VE(xy) 1%, ¢>0,
implying ming<; <, Il V£ (x;) I?= 0(1/k).
3.2 Nesterov Accelerated Gradient (NAG)

We use the standard NAG scheme (2) with
B k B 1
ﬁk = a = I

k+3’
[Optimal Convex Rate [1]]

2L |l xo — x* II?

fl) — f(x") < TEENE

[Linear Convergence under Strong Convexity [4]] Let x = L/u.

Then

flo) = Fx) < (1= 16" (fxo) — F(x)).

3.3 Unified Error Recursion

Define the gradient mapping for Regularized Newton:

Git = (V3f () + D) (e — x40

Then || G II<Il V£ (x,) II. For NAG, let

1
Gk = E (Ve — Xg41)-

107



A ol Bl g ¢l ) <) 10 g el g jlecial) il Jlia Aadiiall o g 48

Both satisfy G, = Vf(y,) at the evaluation point.

Under Assumptions

|{0(1/x/F)

min || G; IIS{
0<i<k bi

0(e*")

2-2,

NAG (convex),

0(1/k)  Regularized Newton + Armijo,
0(p") NAG (strongly convex),

3.4 Information—Theoretic Limits

Newton (local, 4, — 0).

Nesterov’s 0(1/k?) bound is unimprovable among first-order

methods [4, Thm. 2.1.7]. Second-order methods have no

universal lower bound in the convex class, but require 2(n3)

work per iteration. The oracle complexity gap is:

NAG queries

Newton queries

Table2: Convergence Summary (worst-case)

Setting NAG Reg. Newton
Convex, 0(1/k?) 0(1/k) (with line
smooth search)
Strongly 0(p"), p=1 ) Linear —» Quadratic
convex I

Local (near Linear Quadratic

x*)
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Setting NAG Reg. Newton
Oracle cost o(n) 0(n?)

4 Adaptive Switching Algorithm

We introduce the Adaptive Newton—-Nesterov (ANN) algorithm,
which dynamically transitions from NAG to regularized Newton

based on gradient norm decay.

Algorithm 1 Adaptive Newton—Nesterov (ANN)

Xoy X1 =X, fEC3 85>0, Apin >0, a=1/Lk « 0y, = x;, +
k

B — xk=1) B = = g = Vf () Hy = V2f () A =

k+3
maX{/lmin'/lmin - Amin(Hk)} Pk = _(Hk + ﬂ-kl)_lgk Xpy1 = X +
Dk Xk41 =Y — gk k <« k+1 x;

Under Assumptions 2-2, Algorithm 1 satisfies:

AL(f(xo) — f(x"))
k2 '

min || Vf(y;) I’°<
O<isk
There exist §,,C > 0 such that if § < §,, then for all k > T,
Il Xpsr —x* IS C 1 X — x* 112

The total number of gradient evaluations is 0(,/L/e), and
Hessian inversions is 0(loglog(1/¢)).
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5 Numerical Experiments

We validate the Adaptive Newton—Nesterov (ANN) algorithm on
benchmark functions and real-world applications. All experiments
use L estimated via backtracking line search, u via Gershgorin
bounds, § = 1073, A,,;, = #/10. Code is available at
https://github.com/opt-research/ann.

5.1 Test Problems

Quadratic: f(x) = %xTAx + bTx, A = 0, condition number x =

10%, n = 1000.

Logistic Regression: f(x) = Y™, log (1 + exp(—y;a x)).
LIBSVM a9a dataset (m = 32,561, n = 123).

Rosenbrock: f(x) = X 100(x;; —x2)? + (1 —x;)?], n =
100.

Implementation Details

- **NAG**: B, = k/(k +3), a = 1/L. - **Reg. Newton**:
Cholesky factorization with pivoting, A, = max{Ayin, Amin —
Amin(H)}. — **ANN**: Algorithm (1). — **Stopping**: ||

Vf(x,) I< 1078, — **Hardware* *: Intel i7-13700K, 32GB RAM,

Python 3.11, NumPy/SciPy.

Results on Benchmark Functions
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Figure (1) shows function suboptimality vs. iteration count

(averaged over 20 random initializations).

Quadratic Function (n = 1000, k = 10%)

101} —e— NAG
— Reg. Newton
== ANN (ours)
10—2 L
. 1075 |
x
4w
I -
-~ 10 8L
=
[~
10711 L
10—14 L

100

lteration k

Table 3: Performance Summary (mean + std over 20 runs)

Hessian
Problem Method Iters Solves Time (s)
Quadratic NAG 892 +12 0 0.34 +
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Hessian
Problem Method Iters Solves Time (s)
Reg. Newton 6 + 1 6 +1 1.89 +
0.11
ANN 31 +2 1+0 0.41 +
0.03
Logistic NAG 1241 + 0 2.87 +
34 0.09
Reg. Newton 18 + 3 18 +3 5.67
0.21
ANN 68 +5 3+1 1.92 +
0.07
Rosenbrock NAG 2156 + 0 6.71 +
87 0.31

Reg. Newton diverges — —
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Hessian
Problem Method Iters Solves Time (s)
ANN 142 + 11 8+ 2 3.44 +
0.18

**Key observations**: — ** ANN** achieves NAG-level global
progress with 0(,/L/€) iterations. — **Switching occurs late**:
1-8 Hessian solves only. — **Pure Newton fails on

Rosenbrock** due to indefiniteness far from solution. — **ANN

is 2—6x faster** than pure Newton, 10-20
Sensitivity Analysis

ANN is robust for § € [107>,1073]. Too small § delays

switching; too large activates Newton prematurely.
Real-World Application: Robotic Trajectory Optimization

We minimize a non—-convex trajectory cost for a 6-DOF arm
(100 time steps, n = 600) using ANN with approximate Hessian
via finite differences. ANN converges in 89 iterations (4 Hessian

solves) vs. 312 for NAG, reducing path jerk by 18
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6 Conclusion

This paper provides a rigorous, unified comparative framework
for the Regularized Newton Method and Nesterov’s Accelerated
Gradient (NAG) in smooth convex optimization. By analyzing
their continuous—time dynamics, discrete convergence rates,
computational complexity, and numerical stability under shared
assumptions (—strong convexity and -Lipschitz Hessian), we
clarify their complementary roles: NAG dominates in global
efficiency with the optimal 0(1/k?) rate and 0(n) per-iteration
cost, while Regularized Newton excels in local precision with
quadratic convergence at 0(n?) cost per iteration.

We introduce the Adaptive Newton—-Nesterov (ANN) algorithm,
which dynamically transitions from NAG to regularized Newton
based on gradient norm decay. Theoretical analysis establishes
global convergence in 0(,/L/¢) iterations with only a small
number of Hessian solves. Numerical experiments on quadratic,
logistic regression, and Rosenbrock functions, together with
robotic trajectory optimization, confirm that ANN matches NAG’s
global performance, avoids the instability of pure Newton far from
the solution, and achieves superlinear local refinement using only

1-8 Hessian factorizations.
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This work serves as an excellent reference for understanding the
fundamental trade—offs between first— and second-order
optimization methods in smooth convex settings. Future
directions include stochastic extensions with minibatch Hessian
approximations, non—convex adaptations using trust-region

techniques, and distributed implementations.
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