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Polydopamine: From Structure and Polymerization Mechanism to

Emerging Applications in Surface Engineering

E. Jalilnia!, A. Rezvani-Moghaddam®*

1Faculy of Polymer Engineering, Sahand University of Technology, Tabriz, Iran

*arezvani@sut.ac.ir

ABSTRACT

Polydopamine (PDA), a bioinspired polymer derived from the adhesive proteins of mussels, has
emerged in recent years as a key material in surface engineering and smart coating technologies. Owing
to its abundant catechol and amine functional groups, PDA can form highly adhesive, stable, and
biocompatible layers on a wide range of substrates. This review summarizes the various polymerization
routes of dopamine, including solution-based, enzymatic, electrochemical, and hydrothermal methods,
and analyzes the influence of parameters such as pH, temperature, reaction time, and substrate type on
the structure and final properties of the coatings. The physicochemical characteristics of polydopamine
such as adhesion, surface reactivity, mechanical stability, photothermal behavior, and biocompatibility
are discussed in detail. A survey of recent studies demonstrates that PDA can serve as an effective
platform for developing antibacterial and antibiofilm coatings, photocatalysts, and pollutant-removal
systems. Furthermore, its ability to integrate with nanostructures and conductive polymers opens new
perspectives for designing functional coatings.

KEYWORDS
Polydopamine, Smart coatings, Bio-adhesion; Surface engineering, Biomedical applications.
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Figure 1: Mechanism of Polydopamine Polymerization (14).
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Figure 3: Electropolymerization process of polydopamine for functionalization of mesoporous silica film nanopores (37).
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Figure 4: Effect of temperature on the size of polydopamine nanoparticles synthesized at increasing temperatures from 15 to 50 ‘C (46).
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Figure 5: Schematic representation of structural models of polydopamine (41).
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2 Aggregation Dynamics
3 Aggregation-Induced Adhesion
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Figure 6: Schematic illustration of the adhesion mechanism of polydopamine (64).
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Figure 7: Schematic illustration of the formation and surface modification stages of polydopamine (68).
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Figure 8: Schematic illustration of various synthesis routes of polydopamine nanostructures and their applications in photothermal
nanoplatforms (73).

shazo §5lal 9 (Sl plouinl -7

Y S plyea ool ul oylaidane 5 JI lagids @yl dsme 5 Sl plSotl (il 1 g ge GRE Geeligo
PS03 SH L (Fablazilges S Jaie Gibe g Y ) Gl ) (2l 5 by lag s Conl ;0B i Solellcn 5 ool
slogidy o9l slp (Lol slaan 5 51 (o & asbiga h o5 Cuwlond crge 2o Sy ez WS T 5lr (A8 slalaore
ol 053 5l g BB (SolSe 55y 5 st 5 2 Slodazme 1o onl 0938l 09 o (siige SLl 5 olgagil (s 0ly
P B & Caglie o ST sla gy )3 mebigd b (npy Y S eslitul & was oo (LA (2285 Sl ow) 2 (V) B3 oo
gy olml & ogigr (al 09 svalie by (Sudlir 60T gy wardpo Shali¥ JSLLISS V7 I Gl oled slolind
JH5 malS i () le o515 4 joeie 45 098 00 0010 S Cl S Slorio 5 (asligd by (Lo T sla 2S00 5 (S99
() 39,5 oo Gl Cunglite Gal38l 5 (b

WY 000 b Sl Jgae (tal3il a4y craalygo by b (TIBAIAV) sogilis Joedovis' (slaalaSiul (igy 2l waigs 5055 5
PSSy B0t ) G relyga y saY oS ol i 55 soae glaulos al s gy (seay 5l 6T sl JSLLISS
bazdly Gl (AV) Sl oo dgute Ol e s sadsl U>lye 5o (i) 9 (SHSe (5ol st o 5 WS (oo @i WSl a3
Sobodh slaaY (e b i 5l aiS (e a0l 318 RS gslaw )3 ohigt | raeligo b (Sl (SaiSosis aE
Foo gl onmb )5 (om0 5o (IS e winr (b aigd oo guilannST o 3 s j9seds cugby 5 Rl S e bl o
U515 ooy 5 Lo 5 C-N (sladigny oSl 5| 3L a5 Conl 0ads 355 (aoxaws 3955 e bl clled |5 suwo,0 0
S3lsho gobans 4 s (5 3VL 6, Sl S L 5 et oY 5 59 2 onb Ss sloaY (b nl b bl s (51355 4
Sl plSoal cggomme 53 (A) sl rasliga iy (loond 6l )3 (VlgsS Nigm Gl 5 4V 25 58 ;3L il a5 wilosls (las
(SB (5900 Sadgn JoSid 3)ls (S 4¥ 5 g5 g phed Sl (Sl JLSle ez (elge 4 mabiga iy (a5 )lb
g o] (Slo g (5l sl Gl LY G et 51 CaF 5 Fe wiile (38 slagg b ad nShiaS 5 o gla S wm

I'Scaffold
2 Stress shielding
3 Polycarbonate



& g5 T ®
@MMJ;;AQ@

(ool 3 a3 as (sla $50933l b aygili Ladlors (sla g 5l eolatul ¢ bgpm sbdlases ;o Dawaily sl S sl y (Sl I b aigd o
2r 0 pglie 5 B lecns Glaly slosle plgreds Glgi oo 1) asbigd Tl ez )3 09 o0 drog suilannST o 55 5l (6 S ol (s
VAN 8) 265 5 s bbbl 5 (53,5505 lasiig ) dae 3 (SulSe s i

SISl Shg g (o sl bl -0-Y

e Ll 4y o0l ol bl ] il jtass ols (g5 cralyg ol o sig iU (6lopioas 3325 5 Seilog,] Lo Lloa,
Uil g ol G Jdods w00 B Cogh, iol3l b Ll o)l S 2ble, Gl Cogb, o oS il aiyly (ughsy g Lo alex
)15 58 S (Bloy bl realygo Sy S9SN (QBLs 2 (38l i sr SR stz BB sk O Ul L sla el oS >
Ceolygaish lee (Fhg o s iSIb Sisn (S 5 5L, Cnl ool BT Sl 1 poig e slapiss 5 ol3T sla ol JoSias 5l (3L oS
Ogaliproddy (o2 )3 1) 955 (S SU sla T g el 0B (aabigs o (AT FY) 098 g0 Cogmzme (Say Slojorly plo b dslie o
5 Se9rSger o )8 (sl pdgllanl gy a1y 1 a5 (20l S @i mocse; Lulpd b 4 g5 et Gosb 5l
L eleaY Sl asle (5318 slasg xSl (555 2 mabigd b (loondg S Cgm) i Lulpd 0 05 (oo b (S sla S
Beben plp ¥ 5l G Uk oS3 Cod )b (alil g (oo (ilaal 1alS cge a5 0 o0 Sl (907 9 S o et UL
oS Cewl uSlaS” oS3 oMb s 5 (eligd lejp geslinnST 5 (L3618, Cnl sl oad osls (Las (4 (JS8) jo a5 jsbyles
o (2 g 00lo (lad 995 5 (@VL (oloandy SSUI (6 Il Loy (ol ezt 50 .00 oo Cugll Ll S jgpals 5o 1) )l JUI pnne
LAY) 09 o osaline Ly (50,m55 a5 o Sl il s olily (a5 > nos

s (9SS JUSh (o loonds (iiSTg 09 Sl JUisil) ECECEE 5ol &) 000 Gaeliga i o loondiy Sl 0 (g lalllaa 5o
Cammd 9 03,5 pal3 1) LY (559098 ,90 9 Cualind 35 S8 (Sl (qudly (009, 5 (513 2 (6 ally wiile (pla by, ol 0
5 FS56 Glapld a5 o oo Hlis oliandiy iSI Gulagel (sboosls taisS oo olonl (6 ,3YL olle; o oloord (sl yoriogs 4
gl &5 Sl S waboe e bl (RalS 4 Y Culis (il a5 b 0 wesg a8 )b JUEST Cueglite (slls S
Ok Rl bley slopocdy b eligoh w8 5 AY) 9jlu oo coilin (Gandisy (SULu; laailols 5 (6 K sloo )5 (612 |,
slaa¥ ool .l odd (S ) slaog 58U 10 )b Bay5 (Sosgamme (il 5 5)La Syl (a8l g0 (PEDOT) (0855 oS0 0ks!
w0 i olbardisySI 6l 5 poml dothe alisl PEDOTPSS Jglaie sl idiss by duglio ;5 PEDOT:PDA sailss
(AD) wims oo las Y 5

Lulyd 4 iy Wlgio 5 WS ol f 1, G 5 (9 alS g by QIS (alygo ly Sislag)l g el Lo pgazo 1
el s BB el gd sk (Ul e alend gMal 5 Llu) D39 (139381 ((B00gm; gy Sy bogd melas aY ) 58 g i
(s o9 xSl anng slp GolS sla i 5 (e ) Gmeligd b Vb (led Il 5 65 Sl b ol e Ll )l
Lol 05,5 Joas ad Spldlceny; slooliiws 5 olards xSl glo S



Au electrode

/

Electrochemical ~~ DSQ/Au** chelation
oxidation o
(1) (DA — DA derivatives) {
(2) (Au — Au™) I3

Chemical Oxi/Red "
between .
DA derivatives and Au’* 0 1 10 100 1000 10000 100000
Frequency, Hz
= = 12
‘»;_7‘77\ 10 ™MIz02
PDA/AuNP composite % ey
” - - - - - < 4
- "~ E 3
‘\ 4 ) E 0
Electrochemical “ : Au E 2
polymerization & : it gid
(DA derivatives — PDA) % u - PONAY
-10 - e OV
12 1000 cyches
00 10 20 30 40 50 60
PDA/AuUNP coated electrode Time, ms

e olondis ISUN (gl s oy 85l 51 09 2SN (695 o Do 363l alygo (sl ;) o jaalS oS0t p5ilSe I (Sile A S50
.(AY)

Figure 9: Schematic illustration of the formation'mechanism of the conductive PDA/AuNP composite on a Au electrode via
direct electrochemical polymerization (83).
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Figure 10: Schematic representation of a surface modified with PDA leads to a super hydrophilic surface and enables the adhesion of cells
to the surface (87).
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Figure 11: Polydopamine nanoparticles; a multifunctional platform against antimicrobial resistance (89).
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Figure 12: Schematic representation of the fabrication of superhydrophobic coatings on steel and their adhesion mechanism (94).
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Figure 13: Mechanism of action of the PDA-PS platform in the removal and recovery of Ag ions from wastewater (99).
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Figure 14: Schematic illustration of common forms of polydopamine, including polydopamine films, spherical nanoparticles, nanosheets,
nanotubes, and core—shell structures (110).
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