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Magnetic Nanoparticles: Preparation, Enzyme Immobilization and Green
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Abstract

Magnetite nanoparticles with a unique magnetic characteristics have been always considered to be
practical in various fields such as catalysts, sensors, drug delivery, cells and tissue identification,
and thermal therapy. Amongst these applications, enzyme immobilization on such solid materials
is of an important utilization in order to the preservation of enzymatic activity and easy recovery
of enzymes. However, some physico-chemical properties of magnetite particles act as a barrier for
their widely application, hence the combination of magnetic nanoparticles with silica and polymers
are studied to produce composite materials with specific surface properties. A wide range of
scientific studies have been reported on the synthesis of silica or polymer magnetic nanocomposite
particles and their application for enzyme immobilization. Studying the core-shell magnetic
structures reported in the literature including a core of magnetite particles and a shell of whether
nonporous silica, porous silica, combined nonporous and porous silica, or combined silica and
polymer could be helpful for researchers in the selection and design of an appropriate magnetic
structure for enzyme immobilization with high loading capacity, activity and stability.
Furthermore, studying one of the important applications of immobilized enzymes, i.e., biodiesel
production through enzymatic transesterification reactions, would illustrate the parameters of such
a process highly influencing production yield.

Keywords: Magnetic nanoparticles, Silica, Polymer, Enzyme immobilization, Biodiesel
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6 Transmission electron microscopy

19 b
9 »EN

V)

2

44

°)L°-:’ *)\-\{l—.{. \SL"\S,‘BE 9 5“**4

w3l gLl psbliiall g Caols b ol Sl
glesl Grbline g Jodod oo o 550 ojlail oy cobns
055 2 apore 168 agili 450250 Ll oo &
soly 13 5 a)F 5 carSa o il 01158« agil 2/44
Sl L15] ) Kan 5 s wiogs p,5 5 SiKag Sl
Y g0 L ooddoaids Cuiife Ol dlug—diws
3 osliial b Iy oot (Sl g oo yuf (sl des
Y (2o ibe b eaios cnl jo oS )l 5 9
9y Bk 5l esil 10 cules b Jodovie i (Skas (6
OSly Byb leadays coliSe Sl)S gy 2 pgiel
5l ooliol U aslsl o wias aislo agl ol Loy you
oY dSlews goolo iy § CTAB ey sl e Lol
Jlscays (Sl D3 (5, » BL/CTAB
)3 sotiind L CTAB cylgs o 2,5 IS5 nrbliie
Uile ol 5 5,00 ¢ o Bio (gl bawgs
ol Ui ol caY bansgte Coslied b sbline
G g smmpbliio S5 4z ST 0 Lol el 70 |
(05 5 SiSog iSIl ozl 53) Vb Loy glostl ibolits
g 039 gl B (casbliial )y g Cools (g wiog:
R & 305 L iy i S cnl SRl e

052 )5 oS yin il 0129 5 05
Sly el o iz clo g, S5 [16] il Ko 5 o5
Sl wisyS ol |y meblite @Sl o3 Jsar
oY bl Ol o e Lise b (a-Fe203) cuslen
Old Wabeadsy petel (g, b S sl
Shoolaiwl b game- JT oS5 saY SO L sad Jol>
w2l Gk 5l A S s i sl 5 TEOS
s Y B3 50, SaieadS b dinbodniay 5
3B bolse 3 Vb glos coti G 28,5 IS8 e
Sl 4 a0 cles SIS (Gigydee 5 e
L gmbline 8l Ol)3 a0 i Lol coiss
055 2 gy 273 oy o agili 270 Lawgie b
Lyl gl Gibliie 5 yogili 318 Lyl Joxdos ol

5 n-Octadecyltrimethoxysilane (C18TMS)



lal 50,87 )13 1, (6 e V(g )38 )by (29, S
0303l 5 yiogili 650 Lasgia ,ad b e (slSlins &3
b e 53 s il ) yagil 25 U s s
(aanall,5 (g ) a1 (505l 3 o858 JSUI Jyons
Som ol 3l Ao peailipes 5 wiad gl
aly 62 Ly glsl ibliae b &b oo Samls
~ 5o 10 090) 05 s 055 rlas 5 )5 32 Sy 2SI
shlo S -l by, 4z ST ool Jol> (05 2 @y
Sl @ g clie JS2 L SIS Jpa aile saulst
sl J5m s (g, b ol Sl)d @ o g 31685
Sl 4y b pe (), L-lu) By, cnl Sl pae alex |l
oz S Crge 45 el cubline 3 b e i
Ol 098 oo 5SS 4y (g i g 09 o (JolSS
S o Cuz (pmebline S50k 6 Ik 4 (pliws
(Grired galss lels L YU gloal blss b ol
s LS ol s bt Sl iy BB o
30l 58 o 5 GGeolyd play coly o yiws
929 Wil (puoboline Conols (2alS 5 (ol (sledglna

RPN

owblise oBlow dwg—dud HLsle b olyd

oy b oadondigy
Sk lacuonelieil Guillon g ol5 fone!
o VlgsS Jlail Goybo 5l yedly b osdonidy (cunbline
» VPAA) sl S ST L 5 YPED sl Ll b
Wwgrmaind LSl b Sl oot )3 mhaw 59,
718 cuiife ol,d3gib o3lasl [2322] 3 Jsto) wxsle
£S5t SeriKag 2SI axls 60 elosl (rbliis b s yogil
A8 L alugymains LSl G Al (gaY (o g L
S8 b a3 5l glasgs Jols yiegil 210 lawgio
b Sk Y 5 s Olyie 4 yegl 130 by
24 Ll glal ibliae b jegl 40 Lwge cubks

9 Polyethylenimine
10 polyacrylic acid

45

2 elonl jrblie b sodaisls Ol aise yiegil 4 g )5
P p SiKag sl
ooy o 18] ailSes 5 jale g smablinal )l
Jodsie Sdw Ol 139,800 il (gl (6 ol (S St
a-F8203 &l)346 « o5, cpl jo .350,5 &l,l 1) curboline
oSy b Sle s ele g O Jols Jgibl Jolre 5o
J91.7Ln L ub]o.b S li..l...w 60.)[.0‘;“.».‘ U g KW
by giind b xhaw jloJld Jele iadasle ol )3
&g s 2l s b gyl oo Saads b Sl
B 213 s J5d5s o3lail ying, S0 S B 1 s g ol
glesl Giblise b (qugblitn L g cols 5 y2egil 8
(p)5 p SeiFag xSl axly 40) cuise il aslen YL

el lposle (i, S il (S SES g, o
4295 b (Jg bl Wl oo (ouablise (Bl 559500
Sd el Jusg T Sts Ssliys 55 (090 Jladd &
U g s o caiKe OIS canlie s b oojlasles

L1991 sab i pdy oSGl Ko (Y conlin (5,5
Sy ) el sloe 2 gy S [20] aSen 5 2536
23l @) rbliie Jlie (olalns o jonels il
ool s Sad gl 5o Jodseie b &l ol jo
Gi:,mi @ oad ol SISl o] 109 g ol jgabogé
ool Ly s was gl sanSlal JsSEolsl |
450 sles jo 2ol b b J5dss o sais,ld8 L
Shd b aglie ;o 0l Lol (59,58 S g Gugemdos 450
07> 5 05 n @ 090 Ll ohys e b ik
Sk D3 S Sy 12101 ol Yoo
cp ) fSzeS JRES e g e s (punbline
Ygars 209 (p,5 » coxSayin 0156 505 11 25050 330
Sldgl S 5l olzzl el glags b mdl (b, 5
o Jlets S (Gkew &3 mhaw (59, 2 (omabline
[21] ool Kan 5 1,5el51S ¢ ISie ol arde gl iy

" Post-loading
8 In-situ polimerization



55 k5” 40 Slxaws 1398 \-/\LA_AM.Q) 9 )_._>L> 2 o)Lo..i: 7)‘_\.:L: 6&6)9LA_,° 9 ).A.MJ Go_,_,.,.:

2t iVlgsS Wiz b T oaal6990,8” el N=(igg 550
Ll bl 5 o3l 5uml oglis ol _iisy o3 e,
Bl pwmblise Slaw ol o5l b Sl cojemlS
0 05 (or 1) Syoey @Y o5 e @ by
Ay b oddongdy; cmbliie il Sl (o Ko
old ad e [25] uilles 5 snls Lawg PEI
Jolome o o8I B s, L oads ansl Joliete SIS0 L
g P> Bds b aalsl o g o Lise ool cusgiw] il
RS Ole 5o g s et SIS DS poo >
Slp s asle Gl s Gy b Kk sl
Gk SIS e saY LSS il
sl dsslse 039 b PEL g5l> Jslme jo pucboline
Sl gl p (St @32 b inlplo g Wad A5y Gl
L plp Jodsie Sl (69,5 @lyd ojlail Laiadondg
=30 sogame ;0 oyl b cuiKe 1,3 g o yiegilb 300
R pRa o yhesli 8 S Sl ISine eyl 60
Koo S8 65,5 b5 lo ol by 028 5 IS )3 el
4 U355 ojlail 4y axg b o L zisls anl) 5l am
Bk 1,8 o (59, p CotiSe oaliassls &5 (iegil
aly 6121 s ol s el pbliae s $ S

By p S p Seiieg Sl
9 Bokew ¥ b oddiondyy uabliiel)l pow S1)3530
30 L ly Losis o0t S ool b (s yody (oo
At ;0 209 6 03105l b cusiSe 0,8 ST Jolis g yiogil
b cusife ol 3¢il o sl [26] 3, Ken g o) Lawgs
28 Sk Y e g WadaiSle Jlo g paue (o)
5% ol 0)8 S5 ya mha p pgtial (hg, b S
S U nsildley losesise Ggsliayech b asldl
OS85 S o8 s (555 2 ey Y T
Crork 6 U odioasties B3 5 rbliie il
015215 5311 s 5 a9 oS Liews gledl aboline slls
5 S alie jsbay oy pF n SeSes Sl

13 n-Isopropyl acrylamide (NIPAM)

46

Gy oo 85 IS 65 SeiSeg xSl asl
ol gLl bl g 2egili 2 090> 10 )3 (59, (5 yer
e gy )5y SeiiSes iSUl amly 23 Ll old
b aalie )o Cujeelial IS (gl yieS glodl bl
Sokow (qunblinepd gaY jpa> ,bb 4 coiife Ol

WSl 2utiSa (g 9 ) oiifo () )3 STEM 5l -3 IS
sty ek i () PAA L o sy b i ()
124 23] PEI L oot

oy smabline SBilow )3 [24] il Sen 5 Sl
51oslatnl b canKe o3 s, 0,155 1, PAA L sos
ooy sl Jslre 4y elolilan Sai )
b (ogeds 42,5 90 &> Cod mrly Sl 5 el
axly 714 il gl iblie 5 jzegl 260 o3l
c ek Sl Y wiad atle 6T ) Sty Sl
5 5 yiaglh 100 b 25 Gl slacuslis b bk
SiFog Sl aly 34 1 47 e glosl il ass
28l St 03 69y p gl by, sleslaial bp S
00le s sions goolo Lawgs (yal cloog S by i3 oyl g
-k delol o g al jlalele M (s S 5ils 5 el
Ueiego- 30N STy 51 oolizal b aasl Sy ST

11 Aminoethyltrimethoxysilane
12 N-(3-dimethyl aminopropyl)-N ethyl carbodiimide (EDC)
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16 N-N’-methylenebisacryl amid (MBAA)
1" Methacrylic acid (MAA)
18 Poly methacrylic acid (PMAA)
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4 Reversible addition-fragmentation chain-transfer polymerization
(RAFT)
15 Poly sulfopropyl methacrylate potassium (PSPMA)
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