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�bs��ac�

S�rfac��f��ctio�alizatio��of��a�odiamo�ds�(NDs)�is�still�chall���i���d���to�th��div�rsity�of�f��ctio�al��ro�ps�o��th��ND�s�rfac�s.�H�r���w�
d�mo�strat��a�simpl��protocol�for�th��m�ltif��ctio�al�s�rfac��modificatio��of�NDs�by��si���m�ss�l�i�spir�d�polydopami���(PDA)�coati��.�I�
additio���th��f��ctio�al�lay�r�of�PDA�o��NDs�co�ld�s�rv��as�a�r�d�ci���a���t�to�sy�th�siz��a�d�stabiliz��m�tal��a�oparticl�s.�Dopami���(DA)
ca��s�lf�polym�riz��a�d�spo�ta��o�sly�form�PDA�lay�rs�o��ND�s�rfac�s�if�th��NDs�a�d�dopami���ar��simply�mix�d�to��th�r.�Th��thick��ss
of�a�PDA�lay�r�is�co�troll�d�by�varyi���th��co�c��tratio��of�DA.�A�typical�r�s�lt�shows�that�a�thick��ss�of�~5�to�~�5��m�of�th��PDA�lay�r�ca�
b��r�ach�d�by�addi���50�to��00�µ�/mL�of�DA�to��00��m�ND�s�sp��sio�s.�F�rth�rmor���th��PDA�NDs�ar���s�d�as�a�s�bstrat��to�r�d�c��m�tal
io�s��s�ch�as�A�[(NH3)2]

+
��to�silv�r��a�oparticl�s�(A�NPs).�Th��siz�s�of�th��A�NPs�r�ly�o��th��i�itial�co�c��tratio�s�of�A�[(NH3)2]

+
.�Alo���with

a��i�cr�as��i��th��co�c��tratio��of�A�[(NH3)2]
+
��th����mb�r�of�NPs�i�cr�as�s��as�w�ll�as�th��diam�t�rs�of�th��NPs.�I��s�mmary��this�st�dy��ot

o�ly�pr�s��ts�a�facil��m�thod�for�modifyi���th��s�rfac�s�of�NDs�with�PDA��b�t�also�d�mo�strat�s�th����ha�c�d�f��ctio�ality�of�NDs�by�a�chori��
vario�s�sp�ci�s�of�i�t�r�st�(s�ch�as�A�NPs)�for�adva�c�d�applicatio�s.

������L�nk

Th��vid�o�compo���t�of�this�articl��ca��b��fo��d�at�https://www.jov�.com/vid�o/58458/

In����uc���n

Na�odiamo�ds�(NDs)��a��ov�l�carbo��bas�d�mat�rial��hav��attract�d�co�sid�rabl��att��tio��i��r�c��t�y�ars�for��s��i��vario�s�applicatio�s
��2
.

For�i�sta�c���th��hi�h�s�rfac��ar�as�of�NDs�provid���xc�ll��t�catalyst�s�pport�for�m�tal��a�oparticl�s�(NPs)�b�ca�s��of�th�ir�s�p�r�ch�mical
stability�a�d�th�rmal�co�d�ctivity

3
.�F�rth�rmor���NDs�play�si��ifica�t�rol�s�i��bio�ima�i����bio�s��si����a�d�dr���d�liv�ry�d���to�th�ir�o�tsta�di��

biocompatibility�a�d��o�toxicity
4�5
.

To��ffici��tly��xt��d�th�ir�capabiliti�s��it�is�val�abl��to�co�j��at��f��ctio�al�sp�ci�s�o��th��s�rfac�s�of�NDs��s�ch�as�prot�i�s����cl�ic�acids��a�d
�a�oparticl�s

6
.�Altho��h�a�vari�ty�of�f��ctio�al��ro�ps�(e�g.��hydroxyl��carboxyl��lacto����etc�)�ar��cr�at�d�o��th��s�rfac�s�of�NDs�d�ri���th�ir

p�rificatio���th��co�j��atio��yi�lds�of�th��f��ctio�al��ro�ps�ar��still�v�ry�low�b�ca�s��of�th��low�d��sity�of��ach�activ��ch�mical��ro�p
7
.�This

r�s�lts�i����stabl��NDs��which�t��d�to�a��r��at���limiti���f�rth�r�applicatio�
8
.

C�rr��tly��th��most�commo��m�thods��s�d�to�f��ctio�aliz��NDs��ar��coval��t�co�j��atio��by��si���copp�r�fr���click�ch�mistry
9
��coval��t

li�ka���of�p�ptid����cl�ic�acids�(PNA)
�0
��a�d�s�lf�ass�mbl�d�DNA

��
.�Th���o��coval��t�wrappi���of�NDs�has�also�b����propos�d��i�cl�di��

carbohydrat��modifi�d�BSA
4
��a�d�HSA

�2
coati��.�How�v�r��b�ca�s��th�s��m�thods�ar��tim��co�s�mi���a�d�i��ffici��t��it�is�d�sirabl��that�a

simpl��a�d�����rally�applicabl��m�thod�ca��b��d�v�lop�d�to�modify�th��s�rfac�s�of�NDs.

Dopami���(DA)
�3
��k�ow��as�a��at�ral����rotra�smitt�r�i��th��brai���was�wid�ly��s�d�for�adh�ri���a�d�f��ctio�alizi����a�oparticl�s��s�ch�as��old

�a�oparticl�s�(A�NPs)
�4
��F�2O3

�5
��a�d�SiO2

�6
.�S�lf�polym�riz�d�PDA�lay�rs���rich�ami�o�a�d�ph��olic��ro�ps��which�ca��b��f�rth�r��tiliz�d�to

dir�ctly�r�d�c��m�tal��a�oparticl�s�or�to��asily�immobiliz��thiol/ami���co�tai�i���biomol�c�l�s�o��a��aq��o�s�sol�tio�.�This�simpl��approach
was�r�c��tly�appli�d�to�f��ctio�aliz��NDs�by�Qi��et�al.�a�d�o�r�laboratory

�7��8
��altho��h�DA�d�rivativ�s�w�r���mploy�d�to�modify�NDs�v�a�Click

Ch�mistry�i���arli�r�st�di�s
�9�20

.

H�r���w��d�scrib��a�simpl��PDA�bas�d�s�rfac��modificatio��m�thod�that��ffici��tly�f��ctio�aliz�s�NDs.�By�varyi���th��co�c��tratio��of�DA��w�
ca��co�trol�th��thick��ss�of�a�PDA�lay�r�from�a�f�w��a�om�t�rs�to�t��s�of��a�om�t�rs.�I��additio���th��m�tal��a�oparticl�s�ar��dir�ctly�r�d�c�d
a�d�stabiliz�d�o��th��PDA�s�rfac��witho�t�th�����d�for�additio�al�toxic�r�d�ctio��a���ts.�Th��siz�s�of�th��silv�r��a�oparticl�s�d�p��d�o��th�
i�itial�co�c��tratio�s�of�A�[(NH3)2]

+
.�This�m�thod�allows�th��w�ll�co�troll�d�d�positio��of�PDA�o��th��s�rfac�s�of�NDs�a�d�th��sy�th�sis�of�ND

co�j��at�d�A�NPs,�which�dramatically��xt��ds�th��f��ctio�ality�of�NDs�as��xc�ll��t��a�o�platforms�of�catalyst�s�pports��bio�ima�i����a�d�bio�
s��sors.
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P����c�l

1�.�P��pa�a���n��f�R�ag�n�s

CAUTION:�Pl�as��r�ad�a�d���d�rsta�d�all�r�l�va�t�mat�rial�saf�ty�data�sh��ts�(MSDS)�b�for���s�.�Som��of�th��ch�micals�ar��toxic�a�d
volatil�.�Pl�as��follow�sp�cial�ha�dli���proc�d�r�s�a�d�stora���r�q�ir�m��ts.�D�ri���th���xp�rim��tal�proc�d�r����s��p�rso�al�prot�ctiv�
�q�ipm��t��s�ch�as��lov�s��saf�ty��lass�s��a�d�a�lab�coat�to�avoid�pot��tial�hazards.

�. Pr�paratio��of�Tris�HCl�b�ff�r
�. Dissolv��30.29���of�Tris�powd�r�i���00�mL�of�d�io�iz�d�H2O����s�r��that�th��powd�r�dissolv�s�compl�t�ly��a�d�th���tra�sf�r�th�

sol�tio��to�a�250�mL�vol�m�tric�flask.
2. Add�d�io�iz�d�H2O�to�th��scal��of�250�mL�i��th��vol�m�tric�flask�to��iv���.0�M�of�Tris�b�ff�r.
3. Dil�t��th���.0�M�Tris�b�ff�r��00�tim�s�to��iv��0.0��M�Tris�b�ff�r�a�d�adj�st�th��pH�to�8.5�by��si����.0�M�HCl�sta�dard�sol�tio�.
4. Us��a�pH�m�t�r�to�calibrat��th��pH�val���of�th��0.0��M�Tris�HCl�b�ff�r.

2. Pr�paratio��of�ND�s�sp��sio�s
�. Dil�t���00��m�of�mo�ocrystalli���ND�s�sp��sio�s�(�.0�m�/mL)�50�tim�s�with�th��0.0��M�Tris�HCl�b�ff�r�to��iv��0.02�m�/mL�of�ND

s�sp��sio�s.

3. Pr�paratio��of�dopami���sol�tio�
�. Dissolv��20�m��of�dopami���hydrochlorid��i��2.0�mL�of�0.0��M�Tris�HCl�b�ff�r�to��iv���0�m�/mL�DA�sol�tio�.

NOTE:�Th��DA�sol�tio��m�st�b��fr�shly�pr�par�d�a�d��s�d�withi���5�mi�.

4. Pr�paratio��of�A�[(NH3)2]OH�sol�tio�
�. Dissolv���00�m��of�A�NO3�solid�i���0�mL�of�d�io�iz�d�H2O�to��iv���0�m�/mL�A�NO3�sol�tio�.
2. Add��.0�M�ammo�i�m�hydroxid��(NH3·H2O)�dropwis��to�th��A�NO3�sol�tio����til�y�llow�pr�cipitat��forms��th���co�ti����to�add�th�

NH3·H2O�sol�tio����til�th��pr�cipitatio��disapp�ars.
NOTE:�Mak��th��mi�im�m�vol�m��r�q�ir�d;�pr�par��imm�diat�ly�b�for���s��a�d�dispos��imm�diat�ly�aft�r��s�.
CAUTION:�Add�NH3·H2O�i��f�m��hood�with�fac��shi�lds���lov�s��a�d��o��l�s.

2�.�Syn�h�s�s�PD��Lay����n��h��Su�fac���f�NDs�(PD��NDs)

�. Add�th��fr�shly�pr�par�d�DA�sol�tio��(�0�m�/mL)�to�th��ND�s�sp��sio�s�to��iv��vari�d�fi�al�co�c��tratio�s�of�50��75���00�µ�/mL�of�DA.
Adj�st�th��total�r�actio��vol�m��to��.0�mL��tra�sf�r�it�to�a��0�mL�t�st�t�b���a�d�vi�oro�sly�stir�at�25�°C��i��th��dark�for��2�h.

2. C��trif����th��PDA�NDs�sol�tio��for�2�h�at��6�000�x����r�mov��th��s�p�r�ata�t�a�d�wash�thr���tim�s�with�d�io�iz�d�wat�r�for���h�at��6��000
x����ach�tim�.

3. R��disp�rs��th��PDA�NDs�i��200�µL�of�d�io�iz�d�wat�r�with�so�icatio��for�30�s.�Th��PDA��coat�d�NDs�will�b��r�ady�for�f�rth�r��s�.

3�.�R��uc���n��f��gNPs��n��h��Su�fac���f�PD��NDs�(�gNPs�PD��NDs)

�. Dil�t��40�µL�of�th��pr��sy�th�siz�d�PDA�NDs�i��St�p�2.3�two�tim�s�with�d�io�iz�d�wat�r.�Add�A�[(NH3)2]OH�sol�tio��to��iv��vario�s�fi�al
co�c��tratio�s�of�A�[(NH3)2]

+
�(0.08��0.�6��0.24��0.40��a�d�0.60�m�/mL).

2. Adj�st�th��fi�al�vol�m��to��00�µL�i��a��.5�mL�c��trif����t�b��by�addi���d�io�iz�d�wat�r��follow�d�by�so�icatio��for��0�mi�.
3. C��trif����th��A�NPs�PDA�NDs�for��5�mi��at��6�000�x�g�to�r�mov��th��fr���silv�r�io�s��discard�th��s�p�r�ata�t�aft�r�c��trif��atio���add��00

µL�of�d�io�iz�d�wat�r��a�d�wash�thr���tim�s�with�d�io�iz�d�wat�r�at��6�000�x�g�for�5�mi���ach�tim�.
4. R��disp�rs��th��A�NPs�PDA�NDs�i���00�µL�of�d�io�iz�dwat�r�with�so�icatio��for�30�s�to�pr�par��for�f�rth�r��s�.

4�.��nalys�s��f�PD��NDs�an���gNPs�PD��NDs�Clus���s

�. Ultraviol�t�visibl��(UV)�sp�ctra
�. Us��th��UV�sp�ctra�to�mo�itor�th��av�ra���siz��distrib�tio��of�A�NPs�o��PDA�ND�s�rfac�s.�Tra�sf�r�th��A�NPs�PDA�NDs�sampl�s

pr�par�d�i��St�p�3.4�with�vari�d�co�c��tratio�s�of�A�[(NH3)2]OH�i����cm�q�artz�c�v�tt��a�d�mo�itor�th��absorptio��at�a�sca�
wav�l���th�of�250�to�550��m.

2. Tra�smissio���l�ctio��microscopy�(TEM)
�. Plac��th��carbo��coat�d�copp�r��rids�o��a��lass�slid��wrapp�d�with�parafilm�to�k��p�th���rids�i��plac�.�I�s�rt�th���lass�slid��with

attach�d�TEM��rids�i�to�th��plasma�cl�a��r.�T�r��o��th��plasma�cl�a��r�a�d�th��vac��m�p�mp.�Aft�r�5�mi���t�r��o��th��plasma�a�d
dischar���th���rids�with�a�m�di�m�pow�r�l�v�l�for�3�mi�.

2. D�posit�5�µL�of�th��sampl�s�o��th��carbo��film�coat�d�C���rids�for�3�mi�.�Us��filt�r�pap�r�to�wick�off�th���xtra�sampl��from�th���d���of
�rid.�Th����d�posit�a�drop�of�d�io�iz�d�wat�r�o��th���rid�for��5�s�to�r�mov��salts��th���wick�off�th��wat�r�with�filt�r�pap�r.�R�p�at�th�
washi���proc�d�r��twic��a�d�allow�th���rid�to�air�dry�for�f�rth�r��s�.

3. Vis�aliz��th��sampl�s�by�TEM��typically�at�38�000X�ma��ificatio�.�Op�rat��at�200�KV.
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R�p��s�n�a��v��R�sul�s

Th��formatio��of�PDA�lay�rs�o��ND�s�rfac�s�w�r��a�alyz�d�by�TEM�(F�gu���1).�Diff�r��t�thick��ss�s�of�PDA�lay�rs�w�r��obs�rv�d�as�hi�h�r
co�c��tratio�s�of�DA�l�d�to�thick�r�PDA�lay�rs.�I��additio���aft�r�a����caps�lati���r�actio���th��color�of�th��NDs�sol�tio��cha���d�from�colorl�ss
to�dark��whil��th��hi�h�r�th��i�itial�co�c��tratio��of�DA�was��th��dark�r�th��sol�tio��b�cam�.

F�gu���2�d�scrib�s�th��r�d�ctio��of�A�[(NH3)2]
+
�to�A�NPs�o��th��s�rfac��of��00��m�PDA�ND�s�rfac�s.�Th��siz��distrib�tio��of�A�NPs��calc�lat�d

by�TEM��w�r���s�d�to�d�t�rmi���th��d�p��d��c��of�th��ori�i�al�co�c��tratio��of�A�[(NH3)2]
+
�o��th��siz�s�of�th��A�NPs.

Th��flow�chart�i��F�gu���3�pr�s��ts�th��two�st�p�proc�d�r��for�f��ctio�alizi���th��s�rfac��of�NDs�by�PDA�a�d�for�r�d�ci���m�tal�io�s�i�to�NPs
o��th��PDA�ND�lay�rs.

Th��formatio��of�A�NPs�o��th��ND�s�rfac��was�mo�itor�d�by�UV�vis�sp�ctra�(F�gu���4).�Th��i�t��sity�of�th��p�aks�at�~�400��m�i�cr�as�d��alo��
with�a��i�cr�as��i��th��co�c��tratio��of�silv�r�sol�tio��whil��th��p�aks�show�d�a�r�d�shift��i�dicati���th��formatio��of�A�NPs�with�i�cr�as�d
siz�s.

F�gu���1.�Cha�ac����za���n��f��h���h�ckn�ss�s��f�PD��lay��s��n��h��su�fac�s��f�100�nm�NDs�w��h�va�����c�nc�n��a���ns��f�D��(0,�50,�75,
an��100�μg/mL)�an���h����c����sp�n��ng�TEM��mag�s.�Th��av�ra���thick��ss�s�of��ach�PDA�lay�r�ar��~5��m�(B)��~�0��m�(C)��a�d�~�5��m
(D)��r�sp�ctiv�ly.�Th��i�s�t�photo�raph�shows�th��colorim�tric�cha����i��th��corr�spo�di���sampl�s.�Pl�as��click�h�r��to�vi�w�a�lar��r�v�rsio��of
this�fi��r�.
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F�gu���2.�Cha�ac����za���n��f��gNPs�PD��NDs.�TEM�ima��s�of�A�NP�PDA�NDs�a�d�th��siz��distrib�tio��of�A�NPs�by�addi���0.4�m�/mL�(�)�
a�d�0.6�m�/mL�(B)�of�[A�(NH3)2]

+
��r�sp�ctiv�ly.�Pl�as��click�h�r��to�vi�w�a�lar��r�v�rsio��of�this�fi��r�.

F�gu���3.�Wall�cha�����ag�am��f��h��su�fac��func���nal�za���n��f�NDs.�Two�st�p�f��ctio�alizatio��of�th��s�rfac��of�NDs:�(�)�th��s�rfac��coati��
of�NDs�with�DA�polym�rizatio�;�(2)�th��r�d�ctio��of�m�tal�io�s�i�to�NPs�o��th��PDA�lay�r.�Pl�as��click�h�r��to�vi�w�a�lar��r�v�rsio��of�this�fi��r�.
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F�gu���4.�Cha�ac����za���n��f����uc����gNPs��n��h��su�fac�s��f�NDs,�v�a�U��v�s�sp�c���sc�py.�This�fi��r��has�b����modifi�d�a�d
r�pri�t�d�by�p�rmissio��from������et�al�

�7
.�Pl�as��click�h�r��to�vi�w�a�lar��r�v�rsio��of�this�fi��r�.

Tabl��1.�Th���h�ckn�ss��f�PD��lay���an���h��s�z���f����uc����gNPs.�Th��validatio��of�th��math�matical�mod�ls�with��xp�rim��tal�data.�Th�
thick��ss�of�PDA�lay�r�is�d�t�rmi��d�by�th��i�itial�co�c��tratio��of�DA��a�d�th��ratio�of�i�itial�co�c��tratio�s�of�[A�(NH3)2]

+
�is�co�sist��t�with�th�

av�ra���radi�s�c�b�d�of�A�NPs.

D�scuss��n

This�articl��provid�s�a�d�tail�d�protocol�for�th��s�rfac��f��ctio�alizatio��of�NDs�with�s�lf�polym�riz�d�DA�coati����a�d�th��r�d�ctio��of
A�[(NH3)2]

+
�to�A�NPs�o��PDA�lay�rs�(F�gu���3).�Th��strat��y�is�capabl��of�prod�ci���vario�s�thick��ss�s�of�PDA�lay�rs�by�simply�cha��i��

th��co�c��tratio��of�DA.�Th��siz��of�th��A�NPs�ca��also�b��co�troll�d�by�alt�ri���th��ori�i�al�co�c��tratio��of�m�tal�io��sol�tio�.�Th��TEM
ima���i��F�gu���1��displays�th����coat�d��00��m�NDs�which�t��d�d�to�form�microcl�st�rs�a�d�a��r��at�s.�Wh���NDs�w�r����caps�lat�d�with
PDA��th��PDA�lay�rs�show�d�as�a�thi��ri���ro��d�th��NDs.�Th��thick��ss�s�of�th��PDA�lay�rs��as�m�as�r�d�i��TEM�ima��s��w�r��aro��d�5
�m���0��m��a�d��5��m��which�corr�spo�d�d�to�th��fi�al�DA�co�c��tratio�s�of�50�µ�/mL��75�µ�/mL��a�d��00�µ�/mL��r�sp�ctiv�ly.�Th��color�of
th��NDs�s�sp��sio��was�obs�rv�d�to�cha����from�colorl�ss�to�dark�followi���PDA�coati����i�dicati���th��s�cc�ssf�l�wrappi���of�PDA�o��ND
s�rfac�s�a�d�showi���that�th��thick��ss�of�PDA�was�d�p��d��t�o��th��co�c��tratio��of�DA.�Pl�as���ot�:�th��critical�factor�that�i�fl���c�s�th�
DA�polym�rizatio��is�th��pH�co�ditio��(th��most�favorabl��val���is�8.5

23
).�Th��acc�rat��pH�val���of�a�sol�tio��is�b���ficial�for�co�trolli���th�

thick��ss�s�of�PDA�lay�rs.�I��additio���fast�a�itatio��d�ri���polym�rizatio��is���c�ssary�for�th��disa��r��atio��of�NDs�a�d�th��formatio��of�a
��iform�d�PDA�lay�r.�Th�r�for���this�m�thod�is��ot��ff�ctiv��for�a�y�particl�s�that�ar����stabl��i��alkali���sol�tio�s.

To�d�scrib��th��i�fl���tial�factors�that�co�trib�t�d�to�th��thick��ss�of�th��PDA��w��i�trod�c���qua���n�(1)�to�d�scrib��th��formatio��of�a
PDA�lay�r�o��ND�s�rfac�s.�This�is�bas�d�o��th��ki��tic��q�atio��of�PDA�d�positio��o���a�oparticl�s�from�pr�vio�s�r�ports

2��22
.�Th��i�itial

co�c��tratio�s�of�DA�(C1��m/v)��r�actio��tim��(t)��a�d�th��thick��ss�of�th��PDA�lay�r�(d)��ar��as�follows:

�(�)

R�is�th��radi�s�of�NDs�(ass�mi���NDs�ar��sph�r�s)���1�is�th��d��sity�of�PDA���1�is�th��r�actio��vol�m���N1�is�th����mb�r�of�NDs��a�d�k1�is�a
co�sta�t�r�lat�d�to�pH�val��s��partial�pr�ss�r��of�O2��ambi��t�t�mp�rat�r��a�d�l�mi�o�s�i�t��sity

23
.�Th�r�for���th��thick��ss�of�a�PDA�lay�r�ca�

b��writt���as��qua���n�(2)

�(2)

Or�if�w��r�writ���qua���n�(1)�to�(3):

�(3)

Th�����limi�at��d
3
�a�d�3d

2
R�b�ca�s��d�is�far�l�ss�tha��R�(d<<R).
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At�last��th��d�ca��b���xpr�ss�d�as��qua���n�(4)

�(4)

Th��coati���proc�ss�r�q�ir�d��2�h��with�th��DA�b�i���compl�t�ly�co�s�m�d�a�d�mo�itor�d�by�UV�vis�sp�ctra.�Th�r�for��� �was�a

co�sta�t��a�d�th��val���of�d�was�dir�ctly�proportio�al�to�th��i�itial�co�c��tratio�s�of�DA�(C1)��which�w�r��co�firm�d�by�o�r��xp�rim��tal�r�s�lts
(Tabl��1).�Pl�as���ot���alo���with�th��i�cr�as��i��th��thick��ss�s�of�th��PDA�lay�rs��acc�m�latio��sp��ds�of�th��lay�rs�w�r��slow�r�b�ca�s��of
th��i�cr�as�s�i��th��s�rfac��ar�as�of�th��NDs�PDA.

Th��pr�s��c��of�th��cat�chol��ro�ps�i��PDA�has�b����show��to�dir�ctly�i�d�c��th���rowth�of�th���a�oparticl�s��po��th��r�d�ctio��of�m�tal
pr�c�rsors�a�d�th�ir�immobilizatio��o��a�PDA�coat�d�s�rfac�

24�25�26�27
.�Aft�r�coati����00��m�NDs�with�a�PDA�lay�r�(~��5��m)��th��r�s�lti��

PDA�NDs�w�r���s�d�as�a�s�bstrat��to�sy�th�siz��A�NPs�from�a�m�tal�io��sol�tio���with�th��assista�c��of�so�icatio�.�As�s����i��F�gu���2�
with�th��i�cr�as��of�[A�(NH3)2]

+
�co�c��tratio���th��siz��of�A�NPs�i�cr�as�d�from�~24��m�to�~28��m��a�d�th����mb�r�of�NPs�rais�d�from�97�to

��7��corr�spo�di���to�th��[A�(NH3)2]
+
�co�c��tratio��of�0.4�to�0.6�m�/mL��r�sp�ctiv�ly.�This�ph��om��o��ca��also�b��charact�riz�d�by�UV�vis

sp�ctroscopy.�Th��absorba�c��p�ak�of��a�oparticl�s��rad�ally�app�ar�d�as�th��co�c��tratio��of�[A�(NH3)2]
+
�i�cr�as�d�(F�gu���4).�For��xampl��

th��maxim�m�absorba�c��of��a�oparticl�s��form�d�by�r�d�ci���0.4�a�d�0.6�m�/mL�of�[A�(NH3)2]
+
��is�4�0�a�d�430��m��which�corr�spo�ds�to

A�NPs�with�th��diam�t�rs�of�#20�a�d�#30��m��r�sp�ctiv�ly.�This�is�co�sist��t�with�TEM�obs�rvatio�
�7
.

Th��diam�t�r�of�r�d�c�d�A�NPs�follows�th��first�ord�r�li��ar�diff�r��tial��qua���n�(5)��which�is�similar�to�th��s��d�d��rowth�sy�th�sis�of
A�NPs

28
��wh�r��th��S�is�th��s�rfac��ar�a�of�PDA�NDs��C2�is�th��i�itial�co�c��tratio�s�of�A�[(NH3)2]

+
��t�is�th��r�actio��tim���r�is�th��radi�s�of

A�NPs��k2�is�a�co�sta�t���2�is�th��d��sity�of�A����2�is�th��r�actio��vol�m���N2�is�th����mb�r�of�A�NPs��a�d��q�als�to�S�·�n��i��which�n�is�th�
av�ra�����mb�r�of�activ��cat�chol��ro�ps�that�ca��r�d�c��A�[(NH3)2]

+
.�Th��A�NPs�ar��tr�at�d�as�sph�r�s:

�(5)

I��th���q�atio���th����mb�r�of�A�NPs�was�ass�m�d�to�b��dir�ctly�proportio�al�to�th��s�rfac��ar�a�of�PDA��which�d�p��d�d�o��th��thick��ss�s
of�th��PDA�lay�rs.�O��th��s�rfac��of�th��PDA�lay�rs��th��A�NPs��r�w�with�th��co�ti��o�s�r�d�ctio��of�A�[(NH3)2]

+
��whil��th��m�tal�(0)

bo�ds�at�th��O�sit��of�th��PDA�s�rv�d�as�th��s��d�pr�c�rsor�of�A�NPs.�Th����mb�r�of�A�NPs�is�proportio�al�to�th��O�sit��o��PDA��which�is
dir�ctly�proportio�al�to�th��s�rfac��ar�a

23�29�30�3�
.�O��th��oth�r�ha�d��th��r�d�c�d�A�NPs�ar��distrib�t�d��v��ly�o��th��PDA�s�rfac��b�ca�s�

th��A�[(NH3)2]
+
�was�r�d�c�d�by�th����iform�d�cat�chol��ro�ps�o��th��PDA�lay�rs.�Exp�rim��tal�r�s�lts�show�d�that�th��hi�h�r�th��i�itial

co�c��tratio�s�of�A�[(NH3)2]
+
�w�r���th��lar��r�th��A�NPs�w�r���b�t�with�a�similar���mb�r�of�NPs�o���ach�ND.�Th��ratio�of�i�itial�co�c��tratio�s

of�[A�(NH3)2]
+
�(C2)�ratio�(0.6�m�/mL�:�0.4�m�/mL=�.5)�w�r��co�sist��t�with�th��av�ra���radi�s�c�b�d�[(�4/�2)

3
=�.588].�Th�r�for���if�a�hi�h�r

d��sity�of�particl�s�is�d�sir�d�o��th��PDA�NDs��a�thick�r�lay�r�of�PDA�NDs�sho�ld�b��s�l�ct�d�b�t��if�lar��r�siz�s�of�NPs�ar�����d�d��a�lo���r
r�d�ctio��d�ratio��wo�ld�m��t�th��r�q�ir�m��t.

To�r�mov��th����r�act�d�[A�(NH3)2]
+
�d�ri���th��p�rificatio��proc�ss��a�hi�h�c��trif��atio��sp��d�is�r�comm��d�d�b�ca�s��of�th��low�d��sity�of

NDs.�Th��hi�h�r�th��c��trif��atio��sp��d�is��th��short�r�th��p�rificatio��d�ratio��will�b���which�will�provid��b�tt�r�co�trol�of�th��siz�s�of�A�NPs.�I�
additio���so�icatio��is�a��i�disp��sabl��approach�for�obtai�i�����iform�A�NPs.�Sampl�s�sho�ld�b��so�icat�d�for�s�v�ral�mi��t�s�i�itially�b�for�
A�[(NH3)2]

+�
sol�tio�s�ar��add�d.

W��hav��d�mo�strat�d�a�facil��m�thod�for�th��s�rfac��modificatio��of�NDs�with�s�lf�polym�riz�d�PDA.�Compar�d�with�th��Click�Ch�mistry
m�thod��this�strat��y���ot�o�ly���ha�c�s�ND�disp�rsity�a�d�stability��b�t�also�provid�s�a�r�activ��platform�(PDA�lay�r)�for�pot��tial�post�
modificatio��by�r�d�ci���th��m�tal��a�oparticl�s�or�li�ki���with�ami�o/thiol�attach�d�sp�ci�s.�Th��thick��ss�of�a�PDA�lay�r�a�d�th��siz��of�th�
�a�oparticl�s�o��ND�s�rfac�s�ca��b��cha���d�by�varyi���PDA�a�d�A�[(NH3)2]

+
�co�c��tratio�s.�Th�y�ca��also�b���s�d�to�r�d�c��A�NPs�or�oth�r

�obl��m�tal�NPs.�By�combi�i���th��div�rsity�of�PDA�ch�mistry�a�d�th����iq���prop�rti�s�of�NDs��this�m�thod�will�op���th��door�for��xt��di��
ND's�applicatio�s�i��th��catalyst�����r�y��a�d�biom�dical�ar�as.

D�scl�su��s

Th��a�thors�hav���othi���to�disclos�.
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