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1. GPC traces of selected polyethylenes along with plots of activity and polymer mo-

lecular weight as a function of various parameters 

 

Figure S1. (a) GPC traces for the polyethylenes generated using Fe4/MAO at different run temper-

atures and (b) plots of catalytic activity and polymer molecular weight as function of run tempera-

ture. 

 

Figure S2. (a) GPC traces for the polyethylenes generated using Fe4/MAO at various Al:Fe molar 

ratios and (b) plots of catalytic activity and polymer molecular weight as a function of Al:Fe molar 

ratio. 

 

Figure S3. (a) GPC traces for the polyethylenes generated using Fe4/MAO over reaction time and 

(b) plots of catalytic activity and polymer molecular weight as a function of reaction time. 
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Figure S4. (a) GPC traces for the polyethylenes generated using Fe1–Fe5 under MAO activation and 

(b) a bar chart showing the effects of variation in N-aryl group in Fe1–Fe5 on catalytic activity and 

polymer molecular weight. 

 

2.1. 1H NMR spectra of selected polyethylenes 

 

 

Figure S5. 1H NMR spectrum of the polyethylene produced using Fe4/MMAO operating at 70 oC 

(entry 4, Table 2); recorded at 100 oC in 1,1,2,2-tetrachloroethane-d2. The weak signal at ca. 0.87–0.88 

ppm is attributed to the protons belonging to the methyl group in grease [1]. 
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Figure S6. 1H NMR spectrum of the polyethylene produced using Fe4/MMAO operating at 60 oC 

(entry 3, Table 2); recorded at 100 oC in 1,1,2,2-tetrachloroethane-d2. The weak signal at ca. 0.87–0.88 

ppm is attributed to the protons belonging to the methyl group in grease [1]. 

 

 

Figure S7. 1H NMR spectrum of the polyethylene produced using Fe4/MMAO operating at 50 oC 

(entry 2, Table 2); recorded at 100 oC in 1,1,2,2-tetrachloroethane-d2. The weak signal at ca. 0.87–0.88 

ppm is attributed to the protons belonging to the methyl group in grease [1]. 
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Figure S8. 1H NMR spectrum of the polyethylene produced using Fe4/MMAO operating at 40 oC 

(entry 1, Table 2); recorded at 100 oC in 1,1,2,2-tetrachloroethane-d2. 

 

 

Figure S9. 1H NMR spectrum of the polyethylene produced using Fe4/MAO operating at 40 oC (en-

try 1, Table 3); recorded at 100 oC in 1,1,2,2-tetrachloroethane-d2. 
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Figure S10. 1H NMR spectrum of the polyethylene produced using Fe4/MAO operating at 50 oC 

(entry 2, Table 3); recorded at 100 oC in 1,1,2,2-tetrachloroethane-d2. 

 

 

Figure S11. 1H NMR spectrum of the polyethylene produced using Fe4/MAO operating at 60 oC 

(entry 3, Table 3); recorded at 100 oC in 1,1,2,2-tetrachloroethane-d2. 
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Figure S12. 1H NMR spectrum of the polyethylene produced using Fe4/MAO operating at 70 oC 

(entry 4, Table 3); recorded at 100 oC in 1,1,2,2-tetrachloroethane-d2. The weak signal at ca. 0.87–0.88 

ppm is attributed to the protons belonging to the methyl group in grease [1]. 

 

 

Figure S13. 1H NMR spectrum of the polyethylene produced using Fe4/MAO operating at 80 oC 

(entry 5, Table 3); recorded at 100 oC in 1,1,2,2-tetrachloroethane-d2. The weak signal at ca. 0.87–0.88 

ppm is attributed to the protons belonging to the methyl group in grease [1]. 
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3. Method used to determine the ratio of different end groups in the polymers 

On the basis of previous work undertaken using iron ethylene polymerization catal-

ysis [2–4], it has been demonstrated that there can be two different types of end-group in 

their highly linear polyethylenes, one based on a vinyl group and the other a saturated n-

propyl group. As a result, two different polymer chains can be produced, one chain con-

tains a vinyl and a saturated n-propyl chain end (chain A, the amount is set as a), while 

the other has both saturated n-propyl end-groups (chain B, the amount is set as b).  

 
By using the corresponding signals in the 1H NMR spectrum, the integral for the vinyl 

protons and n-propyl protons can then be measured. With regard to the spectra shown in 

Figures S5-S8 and S9-S13 above, the integral of the vinyl proton Hb can be set as x, and the 

integral of the methyl protons Hf in the n-propyl group can be set as y. Then from the 

equation a / (3a + 6b) = x / y, the molar ratio can be expressed as:  

a / b = 6 / ((y / x) - 3)  
Tables S1 and S2 show the molar ratios for a to b in the PE’s generated using 

Fe4/MMAO and Fe4/MAO at various temperatures, respectively.  

 

Table S1. Determining the molar ratios of a (chain A, unsaturated) to b (chain B, fully saturated) for 

the PE’s produced using Fe4/MMAO at various temperatures. 

Run temperature 1H NMR spectrum Ratio of x / y Molar ratio, a / b 

80 oC (entry 5, Table 2) Figure 9 1/18.82 0.379 

70 oC (entry 4, Table 2) Figure S5 1/15.02 0.500 

60 oC (entry 3, Table 2) Figure S6 1/6.03 1.980 

50 oC (entry 2, Table 2) Figure S7 1/18.22 0.394 

40 oC (entry 1, Table 2) Figure S8 1/58.73 0.108 

 

Table S2. Determining the molar ratios of a (chain A, unsaturated) to b (chain B, fully saturated) for 

the PE’s produced using Fe4/MAO at various temperatures. 

Run temperature 1H NMR spectrum Ratio of x / y Molar ratio, a / b 

80 oC (entry 5, Table 3) Figure S13 1/10.98 0.752 

70 oC (entry 4, Table 3) Figure S12 1/8.71 1.050 

60 oC (entry 3, Table 3) Figure S11 1/10.63 0.786 

50 oC (entry 2, Table 3) Figure S10 1/15.94 0.464 

40 oC (entry 1, Table 3) Figure S9 1/26.66 0.254 
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4. X-ray crystallographic studies 

Table S3. Crystal data and structure refinement for Fe2 and Fe3. 

 Fe2·CH2Cl2 Fe3 

CCDC number 2325145 2325146 

Empirical formula C41H47Cl4FeN3 C44H53Cl2FeN3 

Formula weight 779.46 750.64 

Temperature/K 170(2) 169.99(10) 

Crystal system monoclinic monoclinic 

Space group Ia P21/n 

a/Å 12.1167(3) 12.4769(3) 

b/Å 19.7628(4) 17.4319(3) 

c/Å 16.8845(4) 18.3814(3) 

α/° 90 90 

β/° 108.717(2) 103.969(2) 

γ/° 90 90 

Volume/Å3 3829.34(16) 3879.65(14) 

Z 4 4 

ρcalcg/cm3 1.352 1.285 

μ/mm-1 5.974 4.638 

F(000) 1632.0 1592.0 

Crystal size/mm3 0.28 × 0.24 × 0.1 0.3 × 0.25 × 0.15 

Radiation CuKα (λ = 1.54184) CuKα (λ = 1.54184) 

2Θ range for data collection/° 7.11 to 154.13 7.09 to 154.68 

Index ranges 
-15 ≤ h ≤ 15, -24 ≤ k ≤ 9, -17 

≤ l ≤ 21 

-14 ≤ h ≤ 15, -19 ≤ k ≤ 21, -23 

≤ l ≤ 18 

Reflections collected 13519 32687 

Independent reflections 
6053 [Rint = 0.0305, Rsigma = 

0.0332] 

7922 [Rint = 0.1178, Rsigma = 

0.0730] 

Data/restraints/parameters 6053/8/446 7922/259/541 

Goodness-of-fit on F2 1.046 0.887 

Final R indexes [I>=2σ (I)] R1 = 0.0758, wR2 = 0.1977 R1 = 0.0672, wR2 = 0.1997 

Final R indexes [all data] R1 = 0.0779, wR2 = 0.2010 R1 = 0.0825, wR2 = 0.2219 

Largest diff. peak/hole / e Å-3 0.67/-0.71 1.66/-0.56 

5. FT-IR spectra of Fe1–Fe5 

 

Figure S14. FT-IR spectrum of Fe1. 
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Figure S15. FT-IR spectrum of Fe2. 

 

 

 

Figure S16. FT-IR spectrum of Fe3. 

 

 

 

Figure S17. FT-IR spectrum of Fe4. 
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Figure S18. FT-IR spectrum of Fe5. 

 

 

 

6. Mass spectra of Fe1‒Fe5  

 

Figure S19. ESI-MS spectrum of Fe1. 
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Figure S20. ESI-MS spectrum of Fe2. 

 

 

Figure S21. ESI-MS spectrum of Fe3. 
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Figure S22. ESI-MS spectrum of Fe4. 

 

 

Figure S23. ESI-MS spectrum of Fe5. 
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