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Methods and Characterization 

A Nanoscope III Multimode scanning force microscope (Digital Instruments, Santa 

Barbara, CA, USA) was used to image the adsorbed polymer molecules on mica 

substrates in air; the operating mode used was intermittent contact mode (Tapping 

Mode). A microcantilever was used as the scanning probe with an approximate resonant 

frequency of 325 KHz and a force constant of 40 N/m (MikroMasch NSC15/50). 1.2 mg 

poly(thiophene-g-NIPAAm) polymer was dissolved in 1.2 L acetone, and coated on a 

mica substrate by a spin coating method (speed of 1200 RPM). After drying at room-

temperature for 10 minutes, the sample was imaged by SFM. DSC of the poly(thiophene-

g-NIPAAm) was obtained using a TA instruments DSC-2920 under nitrogen atmosphere. 

 

Absorption spectra were measured using a temperature-controlled UV-Vis 

spectrophotometer (Hewlett Packard 8453). The measurements were made by 

equilibrating the sample at each temperature for 30 minutes. A thermocouple was used to 

measure the temperature of the solution in the cuvette. The films of polymer were made 

by drop casting dilute chloroform solutions on quartz plates. The color of the PT macro 

initiator 3 film was dark orange red and that of the poly(thiophene-g-NIPAAm) 4 was 

fluorescent yellow. 1H NMR spectra were recorded on a Bruker DPX 250 MHz 

instrument. Molecular weights of the PT macro initiator and the graft polymer were 

determined by GPC-MALLS. The separation was carried out using a Waters 590 pump 

and two Phenogel (Phenomenex, Torrance, CA) 10 µ, 300 x 7.8 mm columns connected 
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in series; (1) 5-10Å (10K-1,000 K); (2) MXM (5 K-500 K)). For detection, a Wyatt DSP 

detector, and a Waters model 410 differential refractive index detector were used. 

Separations were done using an injection volume of 100 µL. THF (1mL/min) was used as 

the solvent.  

Light Scattering 

Materials and methods: 

Dynamic light scattering (DLS) and Static Light Scattering (SLS) were performed with a 

red He Ne laser (632.8 nm, 30 mW).  The scattered light was observed through a standard 

lens-and-a-two-pinhole optical system with a PMT from Electron Tubes Inc., model EMI 

9863A/100. A schematic of a similar apparatus can be seen in an earlier publication {P.S. 

Russo, F. E Karasz, and K. H. Langley “Dynamic Light Scattering Study of Semidilute 

Solutions of a Stiff-Chain Polymer J. Chem. Phys. 80 (10) 15 May 1984 p. 5312-5325}. 

The data were collected using an ALV-5000 (ALV-Langen, Germany) digital 

autocorrelator and analyzed using this manufacturers’ software.  The set-up allows 

varying the scattering vector values by varying the angle of the detector relative to the 

impinging laser beam.  

Static Light Scattering: 

The scattering measurements of poly(thiophene-g-NIPAAm) were done using a dilute 

solution (0.05 mg mL-1).  The solution was filtered with Uniflo-25 disposable syringe 

filter (0.45 µm, Order No. 02340 from Schleicher & Schuel, Inc., Keene NH 03431)   In 

most cases, the intensity was averaged for a minimum of 20 seconds.  The average 

intensity was stable for longer than 1 second intervals.  For all the samples the 

measurements were done than 30 min thermal equilibration.  The preliminary analysis of 

the data suggests that the transition is from random coils at low temperatures(15 to 31 °C) 

to collapsed spheres at higher temperatures(34 and 37 °C).  Three models for the scatterer 

were investigated: spheres, rods and random coils.  Polydispersity of the sample and the 

second virial coefficient were neglected.  The formulas were taken from Kratovchil 

{Light Scattering from Polymer solutions M.B. Huglin, Ed, Academic Press London and 

New York 1972 Chapter 7 Particle Scattering Functions P. Kratovchil} 
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Dynamic light scattering: 

For dynamic light scattering study, the same solutions as those from SLS experiments 

were used. The data was collected at scattering angle of 30°.The correlograms were fitted 

with a 3rd order cumulant.  

Results: 

0

20

40

60

80

100

120

140

160

180

200

15 20 25 30 35 40

t / ° C

I(
0)

/ a
.u

.

0.00

20.00

40.00

60.00

80.00

100.00

120.00

R
g

 / 
n

m

 

Figure S.1  Extrapolated zero-angle light scattering intensity, I(0), and the radius of 

gyration, Rg, obtained by Static Light Scattering from 4 in water (concentration  

0.05 g L-1) as a function of the temperature.  

 

T / °C Dapp / (cm2 sec-1) Rh / Å 

15 1.7 × 10-8 109 

31 2.9 × 10-8 100 

34 5.2 × 10-8 59 

37 6.1 × 10-8 54 

Table S.1  Apparent diffusion coefficients from dynamic light scattering as a function of 

the temperature.  The scattering angle was 30°; the hydrodynamic radii are calculated 

using Stokes-Einstein formula, and do not account for the real shape.  
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Preparation of 3[1-ethyl-2(2-bromoisobutyrate)]thiophene (2): 

A 500 mL 3-neck RBF with stirrer bar was charged with 2.53 g (19.7 mmol) of 3-

thiophene ethanol (Aldrich), 2.196 g (21.7 mmol) of triethylamine (Aldrich) and 25 mL 

dichloromethane under nitrogen.  The flask was fitted with a pressure equalizing funnel 

containing a pre weighed 4.55 g (19.7 mmol) of 2-bromoisobutyryl bromide (BIB) 

(Aldrich).  The flask was cooled in an ice bath to 0 ºC. The BIB was added drop wise 

under nitrogen to the stirred solution in the flask. After complete addition, the reaction 

mixture was allowed to stir at room temperature for 24h. The precipitated triethylamine 

hydrochloride was filtered. The filtrate was diluted with ca. 100 mL diethyl ether and 

washed with small amounts of 1% HCl, 5% NaHCO3 and distilled water. The resulting 

organic layer was dried with anhydrous Na2SO4 and filtered. The solvent was removed 

under vacuum. The compound was separated using an alumina column with a solvent 

mixture of hexanes : ethylacetate (95:5). Yield 3.6 g (67%) ; GC-MS m/z 278, 276, 110. 

 

Synthesis of 2,5-poly(3-[1-ethyl-2(2-bromoisobutyrate)]thiophene) 3: 

A 100 mL RBF was charged with 2.34 g (14.4 mmol) FeCl3 and 18 mL 

chloroform (anhydrous, Aldrich). To this was added drop-wise a solution of 1g (3.6 

mmol) monomer 2 in 12 mL of chloroform under argon.  The solution was stirred for 24 

hrs. The polymer formed was precipitated by addition of the reaction mixture into 1L of 

methanol (the resulting mixture was stirred for 1 hour). The mixture was then filtered 

through a Büchner funnel with filter paper and washed several times with methanol.  The 

dry polymer was then soxhlet extracted with methanol for two days and dried under 

vacuum. Yield 0.83 g (83%). 

 

Synthesis of 2,5-Poly(3-[1-ethyl-2-(2-[poly(N-isopropylacrylamide)isobutyrate)] 

thiophene) 4. 

In a 100 mL RBF, 245 mg of  PT macroinitiator 3 were dissolved in 50 mL of 

THF under argon and degassed by purging with argon. The flask was kept in an ice bath 

at 0 ºC for 30 minutes.  In another 500 mL RBF, 10 g (0.08 mol) of NIPAAm, 127 mg 

(0.88 mmol) of CuBr, 226 mg (0.88 mmol) of 1,4,8,11-tetramethyl-1,4,8,11-

tetraazacyclotetradecane were dissolved in 150 mL of THF. The solution was degassed 
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by  purging with argon and kept in an ice bath at 0 ºC for 30 minutes.  To this was added 

the PT macro initiator solution using a canula to start the polymerization.  The 

polymerization was stopped after 30 min. The solution was poured into 1 L of hexane to 

precipitate the polymer, and the precipitate washed and filtered. This process was 

repeated by redissolving in THF and precipitating in diethyl ether, and again redissolving 

in THF and precipitating in hexanes. Finally the dried polymer was dissolved in THF and 

passed through alumina to remove the catalyst. Polymer solution in THF was 

concentrated under vacuum and precipitated in hexanes. The precipitate was filtered and 

dried and for further use/analysis. 

Cleavage of PNIPAM chains from 4 

  Graft polymer 4 was dissolved in DMF and precipitated in diethylether. At the 

threshold of precipitation, 5 drops of 98%. H2SO4 were added and the solution was 

heated at 70 °C for 5 days. After cooling to RT, acetone was then added to precipitate the 

PT. The solution was filtered and concentrated by vacuum, and then precipitated in 

hexane. 
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Figure S.2  1H NMR spectrum of  thiophene initiator monomer 2 in CDCl3. (* solvent 

peak). 
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Figure S.3  1H NMR spectrum of poly(thiophene) macroinitiator 3 in CD2Cl2 (* solvent 

peak). 
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Figure S.4  1H NMR spectrum of poly(thiophene-g-NIPAAm) 4 in CD2Cl2 (* solvent 

peak). 
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Figure S.5  Experimental details of SFM analysis 

 


