Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2011

Electronic Supplementary Information

Swelling Induced Au-S Bond Breakage is Determined
by the Molecular Composition of Surface Tethered
Copolymers-carboxylated poly(OEGMA-r-HEMA)

Ying Zhu, Bei'er Lv, Pengfei Zhang and Hongwei Ma*

Suzhou Institute of Nano-Tech and Nano-Bionics, Chinese Academy of Sciences, Suzhou 215123, P. R.

China

1. Experimental design.

2. Detailed derivation of Equation (1) — (3).

3. Validation of the method for predetermining swelling ratios.
4. Calculation of polymer chain density ¢

5. Calculation of reactivity ratios based on Mayo-Lewis model.



Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2011

1. Experimental design
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Scheme S1 Illustration of the experimental design and parameters used in this work. (a) States of QCM
chip we proceeded with: an initiator SAM functionalized QCM chip vibrating in air (@),
poly(OEGMA-r-HEMA) coated chip in air (@) and water (®), carboxylated poly(OEGMA-r-HEMA)
coated chip in air (@) and in water (®) and PBS (®). The subscripts in the parameters indicated the
corresponding states. Each state had its corresponding frequency measurement by QCM indicated in (b),

where liquid refers to water or PBS.

We designed the experiments as following (Scheme S1). First, a bare QCM chip was measured for
its absolute frequency as a reference. QCM chips with or without SAM modification showed no
measurable frequency difference. After the QCM chip was coated with polymers by SIP, the dry
thickness (Ton, ay) and frequency change (af Non) were measured by ellipsometry and QCM
respectively (subscript “OH” is used to indicate states before carboxylation).[laf Moy was linearly
related to the mass of the grafted polymer and Toy, ary (Fig. S3), which was in agreement with our

previous work.' After the polymer-grafted QCM chip was carboxylated and tested again, one got Tcoon,
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dry and af’ oo (subscript “COOH” is used to indicate states after carboxylation). The polymer coated
QCM chips before and after carboxylation were exposed to liquids as shown in Scheme S1. From the
frequency shifts af’ iiOH and Af iiCOOH, as described in Scheme S1 and calculated according to our previous
work', the wet thicknesses Ty of the swelling polymer films were calculated based on the solidified

liquid layer Model.?

2. Detailed derivation of Equation (1) — (3)

2.1. Calculation of Yugrma final-

According to the definition of g, we have:

_Am _AM-N-e_ 100e

= = (S1)
m  Mny,-N  Mn,,

q

where m and Am are the mass and the mass increment, Mngy is the number-average molecular weight
of poly(OEGMA-r-HEMA) before carboxylation process, e is the carboxylation efficiency, which is
defined as the proportion of the carboxylated units to all units, AM = 100 is the molecular weight’s
increment of a carboxylated unit (AM = 100 for both OEGMA and HEMA units) and N is the degree of

polymerization. From equation (S1), carboxylation efficiency e can be expressed as:

M
e = IMMon

100 (52)

As for homopolymers poly(OEGMA) and poly(HEMA), their carboxylation efficiencies eorgma and

C€HEMA WEre:

— 526qOEGMA

€orGMa = 100 =5.264 prea
130¢g
ChEma = # = 1. 99y
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where the numbers of 526 and 130 are the molecular weights of the OEGMA and HEMA monomers,
respectively.
As for poly(OEGMA-r-HEMA), its carboxylation efficiency e is:

o= gMn,y
100
_ gll 3OZHEMA,ﬁna1 +526(1- ZHEMA,/inaz)]
100

(S3)

where Yuema final 1S defined as the molar fraction of HEMA units in the copolymer; the subscript “final”
is used to distinguish it from the molar fraction of HEMA monomers in the reaction solutions, Yuema feed-

We assumed that the carboxylation efficiencies of OEGMA and HEMA remained unchanged in
copolymer, which is true as proved in the following comparison experiment. Thus, the carboxylation

efficiency of copolymer can also be expressed as:

€=CrmuX v, fina T Corcmu a — X, ﬁnal)

sS4
=1 -3%13\4,41}1@144, final +5.264p6(1 ~Xupn, ﬁnal) 54)

Combining (S3) and (S4), one got Equation (2):

526(q — QOEGMA)
130G, +396G — 5264 14

2

Krema, final =

Based on eq. (2), one can now calculate the final copolymer composition Yugma final from qogcma,

(JHEMA and qg.

The value of q could be calculated by eq. (1):

Am A iii _ A iii
g=—= fCOOH — fOH (1)
m Mow

Each value of q was determined by plotting A/ “coon against Af Moy of a range of samples with

various thickness and linearly fitting the curves (Fig. S1). With the values of q, the values of Yuema final
4
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and e can be obtained from eq. (2) and (S4) in succession and results were presented in Table 1 (data of

e not shown).
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Fig. S1 The relations between Af’ iiiCOOH and Af iiiOH for each yuema feed- FOr €ach yuema feed, the values

of Af Bcoon and Af ion were measured for films of various thickness. The slopes (g+1) was linearly

fitted from the curves and all R*>>0.98.
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Fig. S2 (a) The relation between feed ratio yuema feed and mass increase ratio q. Higher value of q
corresponds to larger fraction of HEMA in the copolymer; (b) is the copolymer composition curve of
poly(OEGMA-r-HEMA), from which we obtained the reactivity ratios: rgpma = 2.47£0.27 > 1 > ropcma

=0.83 £0.1 (Section 5 of ESI).

2.2. Calculation of n.

From our previous work extended from the Sauerbrey Equation’, we have:

CA 11l N
— fOH A (SS)
3oMn,,,

where constant C is 17.7 ng cm™ Hz™' for the QCM chips we used, 6 = 0.116 chains nm™ is the polymer
chain density (see section 4 of ESI for the detailed calculation), N, is the Avogadro's constant. As for

the thickness-normalized degree of polymerization n, from its definition we have:

CAfE N CN
0= fOH A _ 4 k2,dry (S6)
30_Mn0HTOH,d;y oMn,,,
in which
_ Mo
2.d
Y 3IWOH,dry

M”OH = 13OZHEMA,ﬁna1 +526(1- ZHEMA,ﬁnal)

For every feed ratio yuema feed, W€ obtained the values of k; 4ry by plotting Af on against Tow, dary and
linearly fitting the curves (Fig. S3). With the values of k,, 4y, the values of n can be obtained from eq.

(S6). The results were presented in Table 1.
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Fig. S3 The relations between Af iiioﬁ and Top, ary for each yuema feea- FoOr each yuema feed, the values of
Af iiiOH and Ton, ¢y Were measured for films of various thickness. The slopes k», 4y Was fitted linearly

from the curves and all R>>0.98.
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2.3. Calculation of x, y, z and /.
The value of x, y, z and / could be calculated from the copolymer composition Yugema final and
carboxylation efficiencies eorgma and egpma With eq. (S7). Results were represented in Table 1 and

Figure S4:

X = Rogarpscoon = "= Xigua, final VoG

Y =Ny = P X Hema, final (I—epp)
S7
Z = Nogoyy =n(1 = X uEma, finai YA —=e€preri) (57)

! = Pyerscoon = X tgma, final € HEMA

504 = Total -~
e OEGMA 5

40 * OEGMAcco A A
o HEMA .’ .
A HEMAcooH >

I 1
00 02 04 06 08 10
XHEMA,feed

Fig. S4 The distribution of monomer units (shown as thickness-normalized degree of polymerization, n)
in a polymer chain over different feed ratios. The pink solid triangles represent for the number of
OEGMA oon (x), blue hollow dots for HEMA (y), red solid dots for OEMGA (y), blue hollow triangles

for HEMA coon (/) and the black solid squares for the total amount of them (n).

2.4. Predetermination of tpgs.
First, the swelling ratios (tom, pes and tcoom, pes, for polymers before or after carboxylation,
respectively) of homopolymer poly(OEGMA) and poly(HEMA) in PBS were measured by QCM (Table

S1).
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Table S1 The swelling ratio of homopolymers poly(OEGMA) and poly(HEMA) in PBS.

homopolymer ton, pBs t cooH, PBs
poly(OEGMA)  3.20 272
poly(HEMA) 1.87 8.72

As the swelling ratio was the ratio of wet thickness (Tcoon, ps and Town, pes) to Tow, ary, the value of it
could also be interpreted as the one-nanometer chain’s length when swelling in PBS. We tried to

determine the length (height) of one unit of each of the four components in PBS (i pgs):

in poly(OEGMA):

Loy ps
ToEGMA,PBS —

_Lcoon pes — 2 Torcuma,
TOEGMACOOH,PBS - X
in poly(HEMA): (S8)
Loy pas
THEMA,PBS =
_Lcoon pes Y Trpma,

THEMACOOH,PBS - l

Results were listed in Table S2.

Table S2 Length (height) of one unit of each of the four components in PBS.

Component Tpps (nNm)
OEGMA 0.25
OEGMA coon 0.15
HEMA 0.04
HEMA coon 0.20

We have determined the distribution of the four components in carboxylated poly(OEGMA-r-HEMA)

(x, v, z and [; Table 1, Figure S4). With the information of each of them’s length (height) in PBS, the
9
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overall wet thickness of surface-tethered polyelectrolyte could be estimated by summing them up:

T

COOH,PBS = (TOEGMACOOIIJ X+ Ty Y+ Topomai 2 Cupvsacooni” l)- TOH,dry

=(0.15x+0.04y+0.25240.20)- T, .,

Thus the swelling ratio tcoon, ps 1S:

*

! coor.pes =

T

COOH ,PBS

/ Ty =0.15x+0.04y+0.252+020/ (1)

(*For the sake of simplicity, tcoon, pss Was denoted tpgs in the communication main text.)

With the same method, swelling ratio in water could also be predetermined (data not shown).

3. Validation of the method for predetermining swelling ratios.

3.1.  The experimental swelling ratios.

Table S3 List of the experimental swelling behaviours of poly(OEGMA-r-HEMA) in three surrounding

environments: dry, water or PBS.

Experimental swelling ratio”

XHEMA feed
tcooH, dry ton, water tcooH, water  tcooH, PBS
0.17 1.11 2.94 1.81 2.96
0.33 1.17 3.20 2.24 3.89
0.50 1.24 2.80 2.11 4.26
0.67 1.36 3.06 2.20 6.30
0.83 1.45 2.46 2.12 7.52

3.2.  Comparison between predicted and experimental values.

10
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Fig. S5 The comparison of the predicted and experimental swelling ratios in different states. Data in solid symbol are

experimental results, and in hollow one are predicted results.
4. Calculation of polymer chain density

As the initiator density was low (x°*=2.5%, < 10%), one could assume that the initiator efficiency
was 100%, which meant polymer chain density equaled initiator density. As for the calculation of
initiator density, we adopted the structural model described by J. Christopher Love et al., in which the
sulfur atoms were positioned in the 3-fold hollows of the Au (111) lattice (Figure S6).* So when

Xls°l= 100%, the initiator density was:

= - =4.637 chains nm™>

As for XIS°1=2.5%, 025=2.5% G100=0.116 chains nm™

11
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Fig. S6 The structure model adopted to calculate the polymer chain density.

5. Calculation of reactivity ratios based on Mayo-Lewis model.

As we have successfully got a series of feed and respective final ratios for copolymerization of HEMA
and OEGMA, a YHEMA final-XHEMA feed CUTve was achieved. Hence we employed Mayo-Lewis model® and
applied the equation below to fit the curve subsequently acquire the reactivity ratios of each monomer in
this copolymerization. The fitting curve is shown in Figure S2(b), R*=0.998, ryg=2.47+0.27,

rOEGMA=0-83 i 0.1.

2
VieMa X HEMA, feed X HEMA, feed (1- X HEMA, feed )

A HEMA, final = 2 2
Tapma X Ema, feed + 2y HEMA, feed (= Xuign, feed )+ Yorera (U — Xum, feed)
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