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1 Hypothetical instructions of multiblock copolymers 
The theoretical instruction of the multiblock copolyethers was shown in Table S1. These multiblock copolymers had the same value of EO/PO and different numbers of the block. It was considered that there were three, five and seven blocks in three kinds of copolymers respectively in theory and named tri-, penta- and hepta-block copolymers ( E340, E540 and E740 ).
[bookmark: _GoBack]Table S1 Hypothetical instructions of multiblock copolymers in this study
	Sample Number
	Structure
	Block numbers
	EO
(wt%)
	PO
(wt%)
	HLB

	E340
	PPO26-PEO45-PPO26
	3
	40
	60
	8

	E540
	PEO11-PPO26-PEO23-PPO26-PEO11
	5
	40
	60
	8

	E740
	PPO9-PEO11-PPO17-PEO23-PPO17-PEO11-PPO9
	7
	40
	60
	8



2 Characterization
2.1 FT-IR
Fourier transform infrared (FT-IR) spectra were recorded between 4000 and 500 cm-1 operating at 2 cm-1 resolution on a Perkin-Elmer Spectrum One FTIR spectrophotometer using KBr pellets.
2.2 1H NMR
The structures of copolymers were charaterized by 1H NMR spectroscopy in H2O at room temperature by using a NMR spectrometer from Bruker, operating at 600 MHz. 
2.3 GPC
The average molecular weight and polydispersity of the synthesized copolymers were determined by gel permeation chromatography (GPC). The GPC analysis was carried out with the water system and tetrahydrofuran was used as an mobile phase. Instrument model: Agilent 1260 Infinity II HT GPC 
2.4 Surface tension
An automatic JK99B tensiometer, equipped with platinum plate was used to measure surface tension (γ) of copolymer aqueous solutions at 25 ℃. A static period of 10 min was allowed before the measurement for each concentration.
2.5 Steady-state fluorescence spectra
The steady-state fluorescence spectrum of pyrene was measured using a F-2700 fluorescence spectrophotometer ( Hitachi, Tokyo, Japan ) with excitation and emission slit openings of 10 nm and 2.5 nm, respectively. Pyrene was excited at a wavelength of 335 nm, and the emission intensity from 350 nm to 450 nm was recorded. The spectrum was recorded at a scan rate of 300 nm/min.
2.6 Rheological properties measurements
Rheological properties measurements were performed on a MCR 302 stress-controlled rheometer (Anton Paar, Austria) with a cone-plate geometry (the taper angle is 1°). Dynamic strain sweep measurements were first conducted to select the strain in the rang of 0.05% ~ 300%. Dynamic frequency sweep tests with the selected strain were conducted from 1 to 600 rad·s-1. In order to ensure the sample stability, the heating rate of 2 ℃/ min was applied.
2.7 Phase diagram drawing
The ratio of multiblock copolymer and n-butyl alcohol were fixed to 2:1, adding different proportions of cyclohexane and then putting the mixtures in a series of dry test tubes. The samples were placed in a thermostatted water bath at 30.0 ± 0.2 ℃ and kept well covered to avoid any volatilization of solvents with the continuous stirring. Cyclohexane and water was drop-wisely added into the mixtures, and kept more than 10 min after continuous stirring for 20 minutes. The phase behavior of the system was judged through the direct observation method. The entire process was repeated three times, and an average value ( the relative deviation was less than ±0.2%) was used to draw the phase diagram.

3 Discussion
3.1 Structural characteristics of multiblock copolymers 
3.1.1 FT-IR spectra of multiblock copolymers
    FT-IR spectroscopy was sensitive to the change of molecular structure and had been used for qualitative confirmation that the reaction had proceeded[1]. FT-IR spectra of multiblock copolymers E340, E540, E740 were presented in Fig.S1. The frequencies and assignments of the FT-IR absorption bands were summarized in Table S2. Although, there was no obvious difference of absorption peaks, it confirmed that all of the three copolymers had terminal -OH bonds at the peaks from 3583-3495 cm-1. Moreover, the CH3 symm deformation at 1374 cm-1 was proved that existence of PPO groups.


Fig. S1 FT-IR spectra of E340, E540 and E740 multiblock copolymers
Table S2 Assignments of FT-IR Bands (cm-1) of E340, E540 and E740 at 25 oC
	FT-IR Bands (cm-1)
	Assignment

	3583-3495
	O-H str

	2972-2870
	C-H str of CH3 and CH2

	1453
	C-H twist vibration

	1374
	CH3 symm deformation

	1108, 938
	Antisymm and symm C-O-C str




3.1.2 1H NMR
The 1H NMR results of these copolymers were shown in Fig.S2. In three spectrum diagrams, there were significant absorption peaks at about 1.08~1.10 ppm, which represented the signal peak of the methyl protons of PO, such results were in according with the FT-IR. However, From the small partial enlarged diagram in Fig.2, there were some differences for three copolymers in the absorption peak at about 1.08~1.10 ppm, which could demonstrate that the E340 and E740 were terminated with PO and the E540 was terminated with EO. Another significant absorption peak at about 3.41~3.66 ppm represented the peak of methylene protons of EO and PO. In addition, the absorption peak at 4.7 ppm represented the peak of water in the solvent. According to the ratio of proton absorption peak area at ~3.63 ppm and ~1.09 ppm, the value of EO/PO can be got. As can be seen from Fig.S2, the EO/PO value of three copolymers were all 2/3, which can certify that these synthesized copolymers had the same content of EO/PO.


Fig. S2 1H NMR spectrum of the series of multiblock copolymers in this study
3.1.3 Molecular weight and polydispersity
The weight average molecular weight Mw, the number average molecular weight Mn and the polydispersity Mw/Mn of three obtained multiblock copolymers were characterized by GPC and the analysis results were summarized in Table S3. As a result, the molecular weights of three obtained tri-, penta- and hepta-block copolymers were close to the theoretical expectations. The results of polydispersity Mw/Mn also indicated that these synthesized multiblock copolymers had a relative narrow molecular weight distribution, however, which broadened with the increased number of the blocks.
Table S3 The molecular weight and polydispersity of three multiblock copolymers
	Multiblock copolymers
	Mw
(×103g/mol)
	Mn
(×103g/mol)
	Polydispersity
(MW/Mn)

	E340
	4531
	4468
	1.014

	E540
	5392
	4789
	1.126

	E740
	4794
	3737
	1.283



3.2 Comparison of the dynamic modulus of copolymers
    Modulus was the ratio of the stress and strain of materials under the effect of external forces. The storage modulus G', that was the elasticity modulus, reflects the ability to resist the elastic deformation of materials. Loss modulus G", that was the viscous modulus, reflected the viscosity deformation of materials. The dynamic modulus of copolymers had a strong dependence on the morphological structure so that researches on G' and G" could reflect important information of the internal structure of copolymer molecules.
    The linear viscoelastic region referred to the strain which was proportional to the applied stress. Only when the measurement was performed in the linear viscoelastic area, the characteristic constants of materials could be obtained successfully. So it need to determine the linear viscoelastic region firstly to choose the suitable stress. In this case, there would be large enough resulting response of dynamic shock scanning in the linear viscoelastic area and meanwhile the destruction of material structures due to the shear movement would be avoided.



Fig. S3 The modulus of E340and E540 as function of angular frequency ω at 30℃
It had shown that the G' and G" of E540 intersected in the angular frequency about ~200 rad·s-1 and the G' and G" of E340 and E740 intersected in the higher frequency zone.
3.3 Aggregation behavior of multiblock copolymers in aqueous solutions
 The critical micelle concentration CMC values and surface tension values corresponding to the CMC values were determined separately from the figure, and all data are listed in Table S4. 
Table S4  The critical micelle concentration and surface tension value of different copolymers
	Polymer samples
	E340
	E540
	E740

	CMC/mg·L-1
	3
	6
	30

	γCMC/mN·m-1
	52.2
	51.3
	47.4



The aggregation number of micelles, as a structural characteristic parameter of surfactants, contained indirect information about the size and shape of micelles, which depended on the chemical properties, temperature, concentration, and ion strength of the surfactant. This experiment measured the micelle aggregation number Nagg of block polymers using static fluorescence quenching technology. This approach was neither affected by the intermolecular interaction forces nor constrained by the micellar morphology. Pyrene and benzophenone were used as fluorescent probes and quenchers. The final concentration of pyrene was 1.0×10-6mol·L-1, and the quencher was 0 mol·L-1、2×10-5mol·L-1、4×10-5mol·L-1、6×10-5mol·L-1、8×10-5mol·L-1. The number of micelles Nagg can be calculated by the following equation:

Nagg= Ccopolymer /[M]/Cq
Where [M] was the molar concentration of the hydrophobic microenvironment, Cq was the molar concentration of the quencher, and I0 and I represented the fluorescence intensity of the pyrene at 373 nm in the absence and presence of the quencher, respectively.



Fig.S4  Fluorescence spectra of the first vibronic band of pyrene monomer in the series of copolymer aqueous solutions at a certain concentrations of quencher, E540 (a), the comparison between E340, E540 and E740 (b)
[bookmark: _Toc17775][bookmark: _Toc27484][bookmark: _Toc2211]The fluorescence spectrum of the first peak of pyrene in the aqueous polymer solution (5000 mg L-1) at different quencher concentrations was as shown in Figure S4(a), which showed that the emission intensity of the peak is decreased with the increase of the quencher concentration. The plots made by ln(I0/I) for Cq were all lines passing through the origin, as shown in Figure S4 (b), Nagg can be obtained from the slope of the lines in the figure, and the results were shown in Table 5.
The data in the table S5 illustrated that the number of micelle clusters of different polymers was E340> E540> E740 for 5,000 mg L-1. As the number of blocks increased, the process of forming micelles by polymer molecules gradually became complicated. At the same concentration, polymers with smaller blocks were more likely to form micelles and accumulate, and the aggregation number of micelles was relatively large.
Table S5  Nagg obtained from steady-state fluorescence quenching technique
	Characteristics
	E340
	E540
	E740

	C/mg·L-1
	5000

	Nagg
	22.35
	18.14
	13.7



 3.4 Microemulsion property of multiblock copolymers
Microemulsion was an optically isotropic, transparent, and thermodynamically stable medium, which formed by the mutually dissolved water and oil phase under the function of the interfacial film[2]. The property and phase-transition of the microemulsion were mainly controlled by the interfacial film, which was mainly composed of the surfactant and cosurfactant, so that the type and property of the surfactant had important influences on the performance of the microemulsion. 
[image: ]
Fig. S5 Ternary phase diagram of the multiblock copolymers/n-butylalcohol/hexamethylene/water system at 30 ± 0.2 ℃. (The component content in the system was in mass fraction;W represented the aqueous phase;O represented the hexamethylen phase; S and C represented multiblock copolymers and n-butyl alcohol, respectively)
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