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Fig. S1. 1H NMR spectra of (A) PEO114-(PDMAEMA17)4 in CDCl3, (C) PEO114-(qPDMAEMA17)4 in D2O, (D) PVS31-b-PNIPAM27 in D2O 

and (B) SEC trace of PEO114-(PDMAEMA17)4 (SEC (DMF 1 g/L LiBr; PEO calibration): Mn = 10500 g/mol, PDI = 1.12). 
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Fig. S2. Intensity- and mass-weighted CONTIN plots of PVS31-b-PNIPAM27 in dilute (0.4 mg/mL) aqueous solution (0.3 M NaCl) at differ-

ent temperatures (A: 20 °C, B: 44 °C, C: 60 °C) and a scattering angle of Θ = 90°. 

Fig. S3. Intensity- and mass-weighted CONTIN plots of PEO114-(qPDMAEMA17)4 in dilute (0.8 mg/mL) aqueous solution (0.03 M NaCl) 

at different temperatures (A: 20 °C, B: 60 °C) and a scattering angle of Θ = 90°. 

Fig. S4. Intensity- and mass-weighted CONTIN plots of the IPEC formed by PEO114-(qPDMAEMA17)4 and PVS31-b-PNIPAM27 in dilute 

(1.1 mg/mL) aqueous solution (0.3 M NaCl) at different temperatures (A: 20 °C, B: 44 °C, C: 60 °C) and a scattering angle of Θ = 90°. 
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Table S1: Estimated scattering length densities (SLD) for water and the pure polymer compounds calculated with SASfit 

software.1 

 
estimated SLD 

10-5 Å-2 

water 0.944 

PEO114 1.046 

qPDMAEMA68 1.237 

PNIPAM27 1.024 

PVS31 1.109 

 

Table S2: Scattering length densities (SLD) obtained from core-shell-shell fits. 

sample 
fit SLD core SLD shell 1 SLD shell 2 

 10-5 Å-2 10-5 Å-2 10-5 Å-2 

IPEC-20h-pt20-mt20 css 1.515 0.970 0.949 

IPEC-10min-pt20-mt20 css 1.313 0.956 0.945 

IPEC-20h-pt20-mt60 css 1.030 1.227 0.919 

IPEC-20h-pt60-mt60 

css 1.030 1.328 0.907 

css +  

cs-cyl 

0.867 1.397 0.934 

1.083 0.859  

IPEC-10min-pt60-mt60 css 0.948 1.210 0.945 

 

Fig. S5. Temperature dependence of the hydrodynamic radius of the IPEC formed by PEO114-(qPDMAEMA17)4 and PVS31-b-PNIPAM27 in 

dilute (1.1 mg/mL) aqueous solution (0.3 M NaCl) measured by DLS; A: the IPEC solution was prepared at 22±2 °C heated to 60 °C (IPEC-

pt20-initial heating) and cooled to 20 °C (IPEC-pt20-subsequent cooling); B: the IPEC solution was prepared at 60 °C cooled to 20 °C 

(IPEC-pt60-initial cooling) and heated to 48 °C (IPEC-pt60-subsequent heating). The dotted lines are guides to the eyes. 
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The scattering curve of the diblock copolymer at 20 °C can be described with a model for a Gaussian chain from which we obtain an Rg 
value of 1.9±0.1 nm (Figure S6, B). Also this value is in accordance to the DLS data. However, at elevated temperatures, the scattering of 

the micellar diblock copolymer solution turns more complicated, probably due to formation of a small number of pronouncedly scattering 

loose aggregates. Such a behavior is typical for highly charged polyelectrolytes. Hence, an estimation of the aggregation number of the 

diblock copolymer micelles is impossible at the conditions used. For q values smaller than 0.04 Å-1, the scattering intensity of the scattering 
curve recorded at 60 °C rapidly increases indicating the presence of aggregates. For q values above 0.04 Å-1, the scattering curve shows the 

same shape as that obtained at 20 °C. This can be described with a model for Gaussian polymer chains yielding an Rg of 1.8±0.1 nm. This 

result might be explained by residual unimeric polymer chains of the diblock copolymer. The reduction in intensity I0 (forward scattering, 

as extrapolated to q = 0 Å-1 from q values above 0.04 Å-1) at 60 °C compared to I0 obtained below the LCST would indicate that the concen-
tration of unimers is lowered by approximately 25 % upon micellization during heating, presumed that the scattering contrast does not 

change. As another explanation, it is also possible that the scattering curve describes small length scale substructures of larger particles at 

these higher q values. According to the DLS measurements, the dominant species at 60 °C are the diblock copolymer micelles with an Rh of 

about 15 nm which formed at the expense of the diblock copolymer unimers. By DLS, their scattering contribution becomes so weak that 
their presence could not be clearly indicated at 60 °C. In turn, the presence of micelles could unfortunately not be confirmed within this 

SAXS study (obscured micellar form factor). There is a rather strong overlap of scattering contributions from the micelles and possible loose 

aggregates of these highly charged entities. For this, two possible explanations can be considered: First, it is conceivable that most of the 

micelles have aggregated because sixfold polymer concentrations were used for SAXS measurements compared to the DLS study. Secondly, 
the scattering contribution of the micellar structures might be hidden because their contribution might be masked by the high scattering 

intensity of the aggregates.  

 

 

Fig. S6. Scattering curves of samples STAR-mt20 at 20 °C (A) and DIBLOCK-mt20 at 20 °C, DIBLOCK-mt60 at 60 °C (B) in aqueous 
solution (0.3 M NaCl). The concentration is about 4.6 mg/mL for STAR-mt20 and 2.6 mg/mL for DIBLOCK-mt20 and DIBLOCK-mt60. 

The solid lines represent fits describing a polydisperse star (A) and a Gaussian chain (B). For clarity, the intensity data for DIBLOCK-mt60 

are shifted vertically (x5). 
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Fig. S7: Cryo-TEM images of an aqueous mixture (0.3 M NaCl) of PEO114-(qPDMAEMA17)4 and PVS31-b-PNIPAM27 at 60 °C. White 
circles in A highlight spherical micellar objects with an average radius of 13.9 ± 1.8 nm. Red ellipses in B surround worm-like objects. C 

shows elongated structures with D giving a histogram of its thickness. 

 
 

 

 
Fig. S8. Scattering curves of IPEC samples in aqueous solution (0.3 M NaCl) at 20 °C (A) and 60 °C (B). The intensity data are normalized 

to the polymer concentration for better comparison. 
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The measured SAXS curves were quantitatively analyzed on the basis of the following models: 
 

The scattering data obtained from an aqueous solution of the miktoarm star polymer PEO114-(qPDMAEMA17)4 were fitted 

with a form factor for polydisperse star polymers with Gaussian statistics.2 

 

𝐼PolydisperseStar(𝑞) = 𝐼0

1+
〈𝑅g

2〉z𝑞2

3𝑓

(1+
〈𝑅g

2〉z𝑞2(𝑓+1)

6𝑓
)

2  

𝐼0: forward scattering for 𝑞 = 0 

𝑓: number of arms 

〈𝑅g
2〉z: z-average of the squared radius of gyration of an arm 

 

The scattering data obtained from an aqueous solution of the diblock copolymer PVS31-b-PNIPAM27 were fitted with a form 

factor for Gaussian chains.3 

 

𝐼Gauss(𝑞) = 𝐼02
𝑒𝑥𝑝(−𝑞2𝑅g

2)+𝑞2𝑅g
2−1

(𝑞2𝑅g
2)

2   

𝐼0: forward scattering for 𝑞 = 0 

𝑅g: radius of gyration 

 
The scattering data obtained from an aqueous solution (0.3 M NaCl) of the interpolyelectrolyte complex formed by 

PEO114-(qPDMAEMA17)4 and PVS31-b-PNIPAM27 at 20 °C and 60 °C were fitted with a form factor for polydisperse 

core-shell-shell spheres, based on the below described form factor of a polydisperse core-shell sphere, and polydisperse 

core-shell cylinders.4,5 

 

𝑃core−shell sphere(𝑞𝑅c) =
16𝜋2

𝑞6
(𝜂s − 𝜂c)2 (𝑐1 + 𝑐2𝑞𝑅c + 𝑐3(𝑞𝑅c)2 (

𝑍+2

𝑍+1
) + 𝐵(𝑞𝑅c)(𝑍+1) 2⁄  {𝑐4  cos[(𝑍 + 1)𝐷(𝑞𝑅c)] +

                                    𝑐7  sin[(𝑍 + 1)𝐷(𝑞𝑅c)]} + 𝑞𝑅c 𝐵(𝑞𝑅c)(𝑍+2) 2⁄  {𝑐5  cos[(𝑍 + 2)𝐷(𝑞𝑅c)] + 𝑐8  sin[(𝑍 + 2)𝐷(𝑞𝑅c)]} +

                                   (
𝑍+2

𝑍+1
) (𝑞𝑅c)2 𝐵(𝑞𝑅c)(𝑍+3) 2⁄  {𝑐6  cos[(𝑍 + 3)𝐷(𝑞𝑅c)] +  𝑐9  sin[(𝑍 + 3)𝐷(𝑞𝑅c)]})  

𝐵(𝑞𝑅c) =
(𝑍+1)2

(𝑍+1)2+4(𝑞𝑅c)2
  

𝐷(𝑞𝑅c) = tan−1 (
2𝑞𝑅c

𝑍+1
)  

𝑐1 =
1

2
− 𝛾(cos[𝑞𝐷s] + 𝑞𝐷s  sin[𝑞𝐷s]) +

𝛾

2
(1 + (𝑞𝐷s)2)  

𝑐2 = 𝛾𝑞𝐷s(𝛾 − cos[𝑞𝐷s])  

𝑐3 =
𝛾2+1

2
− 𝛾 cos[𝑞𝐷s]  

𝑐4 = 𝛾2(𝑞𝐷s cos[𝑞𝐷s] − sin[𝑞𝐷s])2 − 𝑐1  

𝑐5 = 2𝛾 sin[𝑞𝐷s][1 − 𝛾(𝑞𝐷s sin[𝑞𝐷s] + cos[𝑞𝐷s])] + 𝑐2  

𝑐6 = 𝑐3 − 𝛾2sin2[𝑞𝐷s]  

𝑐7 = 𝛾 sin[𝑞𝐷s] −
𝛾2

2
(1 + (𝑞𝐷s)2) sin[2𝑞𝐷s] − 𝑐5  

𝑐8 = 𝑐4 −
1

2
+ 𝛾 cos[𝑞𝐷s] −

𝛾2

2
(1 + (𝑞𝐷s)2) cos[2𝑞𝐷s]  

𝑐9 = 𝛾 sin[𝑞𝐷s](1 − 𝛾 cos[𝑞𝐷s])  
𝐷s: shell thickness  

𝑅c: average radius of the core 

𝜂s, 𝜂c, 𝜂m: scattering length density of the shell, the core, the suspension medium 

𝑍: related to polydispersity 𝜎c of the particle core radius 𝑅c by 𝜎c
2 = (

𝑅c
2̅

𝑅̅c
2 − 1) =

1

𝑍+1
 and originates from Schulz distribution 𝐺(𝑅𝑐) =

𝑅c
𝑍

Γ(𝑍+1)
(

𝑍+1

𝑅̅c
)

𝑍+1
exp [−

𝑅c

𝑅̅c

(𝑍 + 1)] 

𝛾: scaled medium contrast, 𝛾 =
𝜂m−𝜂s

𝜂c−𝜂s
 

 

𝐼core−shell cylinder(𝑞) = bkg +
𝑠𝑐𝑎𝑙𝑒

𝜋𝑅𝑐
2𝐿𝑐

∑ 𝑛(𝑅𝑐 , 𝜎𝑐)𝑃(𝑞, 𝑅𝑐 , 𝑅𝑐𝑠 , 𝐿𝑐 , 𝐿𝑐𝑠, 𝜌𝑐 , 𝜌𝑐𝑠 , 𝜌𝑠𝑜𝑙𝑣)𝑅𝑐
  

𝑛(𝑅𝑐) =
𝑒𝑥𝑝(−

1

2
[

ln(𝑅𝑐 𝑅0⁄ )

𝜎𝑐
]

2

)

√2𝜋𝜎𝑐𝑅𝑐
  

𝑃core−shell cylinder(𝑞) = ∫ sin 𝜃
𝜋

2⁄

0
∙ 𝑑𝜃 ∙ [𝜋𝑅𝑐𝑠

2 𝐿𝑐𝑠(𝜌𝑐𝑠 − 𝜌𝑠𝑜𝑙𝑣)
sin(

𝑞𝐿𝑐𝑠 cos 𝜃

2
)

𝑞𝐿𝑐𝑠 cos 𝜃

2

2𝐽1(𝑞𝑅𝑐𝑠 sin 𝜃)

𝑞𝑅𝑐𝑠 sin 𝜃
+ 𝜋𝑅𝑐

2𝐿𝑐(𝜌𝑐 − 𝜌𝑐𝑠)
sin(

𝑞𝐿𝑐 cos 𝜃

2
)

𝑞𝐿𝑐 cos 𝜃

2

2𝐽1(𝑞𝑅𝑐 sin 𝜃)

𝑞𝑅𝑐 sin 𝜃
]

2

  

𝐽1: first order Bessel function 

𝜃: angle between cylinder axis and scattering vector 𝑞 

𝑅𝑐: core radius 

𝐿𝑐: core length 
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𝑅0: mean core radius 

𝑅𝑐𝑠 = 𝑅𝑐 + 𝐷𝑠: entire radius with radial shell thickness 𝐷𝑠 

𝐿𝑐𝑠 = 𝐿𝑐 + 2 ∙ 𝑓𝑎𝑐𝑒 𝑡ℎ𝑖𝑐𝑘𝑛𝑒𝑠𝑠: entire length 

𝜎𝑐 : standard deviation of the log-normal distribution 𝑛(𝑅𝑐) 
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