


L = PENDIX

10.1 Powder prepared through the use of oxalic acid.

Tempesture evolution of powders

10.1.1
Table A 1 XRD peaks rciolvable for precursor particles calcined to 300°C
Slow | Intensitv, | Rapid Intensity, | Assignment
add fit:. 26| % addition, 20 | %
value value
B 15.217 Dl _ | Unidentified Peak
E.254 _ | 1000 18844 100.0 C304Zn 2H50 (2021 |
2745 | 2740 | 23752 278 C)04Zn2H,0 (002) |
| A G 331 C2H04 011
25.058 | 8.3 25.152 146 | C04Zn2H0 (-112)
A 136 30258 ) 5 (C204Zn.2H>0 (-402)
31.637 i 5.0 ' 31.907 102 | Zn0 (100
23.373 6.6 1 33.4%3 139 (;04Zn.2H,0 (-113)
3415t 1109 [CH0, 021
35263 7.0 | 35.250 | 113 C;04Zn.2H,0 (021) |
I ) 3648 8.8 Zn0 (101)
| 27.647 4., 1 37.949 13.5 Slide Background
40.622 3.3 - 4u.636 9.0 C204Zn.2H,0 (627
42622 5.6 | 43.524 8.8 C204Zn.2H,0 (- 223)
v i | 45.687 | 7.4 (20420 (12i)
46.37% 5.0 | 46423 8.5
45 317 1 8.4 | 47.593 12.5 ZnQ 1102)
48 507 6.1 48.475 9.¢ C2047n.2H-0 (022)
49 208 it C204Zn (220)
51.746 4.1 _ 151600 ] C204Zn.2H-0 (130)
L9 1 52.508 T - C,04Zn (00
| 53622 2.8 ' 53.348 58 , - |
| 54.287 i . | (404Zn 2H,0 (131)
i 56.608 6.4 | C;04Zn (301)




202)

31.911 83.5 31.936 73.7 Zn0 (100)
34.537 67.1 34.555 60.0 ZnO (002)
36.396 100.0 36.392 100.0 ZnO (101)
47.706 23.8 47.698 20.6 Zn0 (102)
49418 14.7 Unidentified peak
56.755 344 56.763 39.0 Zn0O (110)
57.831 14.8 Unidentified peak
59.740 15.2 Unidentified peak
63.049 26.0 62.995 26.0 Zn0 (103)
66.547 10.3 Zn0 {200)
68.103 24.8 68.090 26.8 Zn0 (112)
69.301 17.7 69.237 15.6 Zn0 (201)
72.670 11.9 72.586 7.0 Zn0 (004)
73.090 11.0 76.906 6.8 Zn0 (202)
77.325 6.5 Unidentified peak
Table A3 Resolvable XRD peaks for precursor powders calcined to 400°C
Slow Addition, | Intensity, | Rapid Addition, | Intensity, Assignment
26 values Yo 20 values Yo
15.359 49 Unidentified peak
17.087 5.9 Unidentified peak
17.718 6.6 Unidentified peak
25.232 10.9 Unidentified peak
31.904 71.4 31.903 68.2 Zn0 (100)
34.543 56.8 34.526 56.3 Zn0 (002)
36.390 100.0 36.378 100.0 Zn0 (101)
38.680 6.2 Unidentified peak
47.706 17.9 47.691 16.8 Zn0O (102)
52.768 5.0 Unidentified peak
56.766 339 56.747 33.7 Zn0 (110)
62.240 y i Unidentified peak
62.988 o 2.970 22.5 ZnO (103)
66.609 3.4 66.556 6.9 Zn0 (200)
68.081 23.2 68.081 224 Zn0 (112)
69.250 13.7 69.229 11.9 ZnO (201)
72.601 5.6 72.578 3.8 Zn0O (004)
76.971 42 Unidentified peak
77.247 5.5 77.253 4.2 Zn0 (202)
Table A4 Resolvable XRD peaks for precursor powders calcined to 425°C
Slow Addition, | intensity, | Rapid Addition, | Intensity, Assignment
20 values %o 20 values Yo
27.836 6.5 Unidentified peak
31.898 73.5 32.011 70.1 Zn0 (100)
34.533 57.8 34.647 56.7 Zn0 (002)
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36.381 100.0 36.493 100.0 Zn0O (101)
39.505 4.2 Unidentified peak
47.690 16.5 47.784 16.6 ZnO (102)
54.662 3.3 Unidentified peak
56.744 28.0 56.849 28.5 ZnO (110)
62.987 19.8 63.094 20.7 ZnO (103)
65.538 3.9 Unidentified peak
66.567 6.4 66.647 6.3 Zn0O (200)
68.085 17.5 68.181 19.8 Zn0O (112)
69.223 10.3 69.340 10.6 Zn0O {201)
72.652 4.1 72.695 4.1 ZnO (004)
73.000 34 Unidentified peak
77.312 4.1 77.194 4.2 ZnO {202)
Table AS Resolvable XRD peaks for precursor powders calcined to 450°C
Slow Addition, | Intensity, | Rapid Addition, | Intensity, Assignment
20 values Yo 20 values Yo
10.464 1.9 Unidentified peak
19.171 3 Unidentified peak
20.578 3.9 Unidentified peak
23,701 49 Unidentified peak
28.732 6.1 Unidentified peak
29.549 6.2 Unidentified peak
31.880 74.5 31.946 71.0 ZnO (100)
34.519 53.6 34 587 57.5 Zn0 (002)
36.364 100.0 36.432 100.0 Zn0O (101)
39.361 3.0 Unidentified peak
42.046 3.2 Unidentified peak
47.664 16.2 47.732 15.9 Zn0O (102)
52.969 2.8 Unidentified peak
54.196 2.9 Unidentified peak
55.181 2.9 Unidentified peak
56.740 291 56.791 g = ZnO (110)
62.981 19.4 63.038 20.2 ZnO (103)
66.527 6.2 66.585 5 Zn0 (200)
68.067 18.7 68.121 17.9 ZnO (112)
69.190 9.9 69.286 93 ZnO (201)
72.685 4.1 72.686 34 ZnO (004)
77.098 4.0 77.116 - Zn0O (202)
Table A6 Resolvable peaks for precursor powders calcined to 500°C
Slow Addition, | Intensity, Rapid Addition, | Intensity, Assignment
26 values Yo 20 values Yo
13.363 1.8 Unidentified peak
31.885 73.2 31.889 64.9 ZnO (100)
34.495 43.4 34.557 48.1 Zn0O (002)
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Slow Addition, | Intensity, | Rapid Addition, | Intensity, Assignment
20 values o 20 values Y
36.333 100.0 36.393 100.0 Zn0 (101)
47 646 15.2 47.672 18.4 Zn0 (102)
56.708 223 56.755 28.0 Zn0 (110)
62.961 14.3 62.993 215 Zn0 (103)
66474 4.3 66.535 4.2 Zn0 (200)
68.038 12.5 68.092 18.0 Zn0 (112)
69.175 7.0 69.210 9.1 Zn0) (201)
72.665 2.6 72.708 24 Zn0 (004)
77.026 2.8 77.088 3.0 Zn0 (202)
10.1.2 TEM S8ize Distributions
Normalised Data, 350C
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Figure A 1 TEM Size distributions of particles calcined to 350°C, as a fraction of

total




Mormafised I75C Data

Figure A 2 TEM size distributions for powders calcined to 375°C, as a fraction of

total

10.2 Powders prepared through the use of isophthalic acid

Resolvable peaks and their relative intensities for diffraction patterns of powders
calcined to 500°C and 800°C.
Table A7 Resolvable peaks and intensities for XRD patterns for powders calcined

to 500°C

1:1 Intensity, | Assignment

calcined Angle, 20° | d value, Intensity, %o

to 500°C Angstrom Count
31.896 2.80348 2412 70 Zn0O (100)
34.551 2.59393 1932 56.1 Zn0 (002)
36.385 2.46724 3445 100 ZnO (101)
47.695 1.90527 696 202 Zn0 (102)
56.745 1.62099 1098 31.9 ZnO (110)
63.002 1.47421 825 239 ZnO (103)
68.079 1.37611 733 213 Zn0 (112)
69.228 1.35606 434 12.6 £n0 (201)

1:2 Intensity,

calcined Angle, 20° | d value, Intensity, | %

to 500°C Angstrom Count
31.903 2.80288 3173 65.4 Zn0 (100)
34.569 2.5926 2479 511 Zn0 (002)
36.397 2.46648 4853 100 Zn0 (101)
47.693 1.90533 1025 21.1 Zn0O (102)
56.744 1.62101 1403 28.9 Zn0 (110)
62.997 1.47433 1126 23.2 Zn0O (103)
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68.081

1.37607

928

19.1

ZnO (112)

69.208

1.35641

554

11.4

Zn0 (201)
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10.3 Non-hydrolytic synthesis

10.3.1 Variation of oleic acid concentration

|'

Figure A 3 Identification of peaks for sample synthesized containing 0.38ml oleic acid

at 200°C

Table A9 XRD peaks resolved for sample synthesized containing no oleic acid at

200°C
2-Theta | d(A) Height | 1%(h) | Phase ID (hkl) |2-Theta | Delta
11.563 | 7.6463 | 216 14.5 | C4H604Zn 11.79 | 0226
12.117 | 72982 |90 6.1 Unidentified peak

12.575 | 7.0337 [133 9 C36H70047Zn 12421 |[-0.153
12.765 [6.9291 |72 4.8 Unidentified peak

14321 | 6.1795 |66 4.4 Unidentified peak §
14.585 | 6.0683 |99 6.7 Unidentified peak K
16.888 | 5.2456 |96 6.5 Unidentified peak

17.047 [5.1969 | 102 6.9 Unidentified peak

1741 | 50896 |87 5.9 Unidentified peak

19204 |4.6178 | 263 17.7 | C18H3602 (-310) |19.116 |-0.088
(19.404 | 4.5708 | 335 22.5 | C4H604Zn 19.493 | 0.089
19.927 (4452 |87 59 | CI8H3602 (202) |19.864 |-0.063
20433 [4.3420 | 112 15 C18H3602 (111) |20485 |0.052
21.649 |4.1016 [ 140 9.4 CI18H3602 (311) |21.631 |-0.018
23317 |3.8118 |678 456 | C18H3602 (511) [23.573 |0256
23.788 [3.7373 | 193 13 C18H3602 (-710) |23.803 [0.015
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2-Theta | d(A) Height | 1%(h) | Phase ID (hkl) |[2-Theta | Delta
24476 | 3.6338 | 106 7.1 C18H3602 (1100) | 24.57] 0.095
24.864 | 3.578 156 10.5 | C18H3602 (611) [24.78 -0.084
25.686 | 3.4653 | B8 5.9 C18H3602 (702) |25.651 |-0.035
27492 |[3.2417 |85 57 C18H3602 (312) |27455 |-0.037
31.78 2.8134 | 549 36.9 | Zn0O (100) [31.769 |-0.01
34.46 2.6004 1486 100 C4H6047Zn 34460 | 0.006
36.26 24754 | 896 60.3 Zn0O (101) 36.252 | -0.008
38.383 | 23432 |80 5.4 C18H3602 (1402) | 38.387 | 0.004
38.742 |2.3223 | 57 38 C18H3602 (104) |38.765 !|0.023
40469 | 22271 | 6Y 4.6 CI18H3602 (1502) | 40452 | -0.016
41.182 [2.1902 | 58 3.9 CI18H3602 (504) |41.166 |-0.016
42967 |2.1032 |65 4.4 Unidentified peak

43.144 | 2.095 78 5.2 CI18H3602 (214) 43384 |0.24
45.817 | 1.9788 | 68 4.6 C4H604Zn 46.034 | 0.217
47.197 | 1.9241 | 146 9.8 Unidentified peak

47.54 1.911 318 21.4 Zn0) (102) |47.538 |-0.002
49.187 | 1.8508 | 57 3.8 Unidentified peak

49.463 1.8412 | 53 36 Unidentified peak

52.057 1.7553 | 60 4 C18H3602 (-i620) | 52.036 | -0.02]
52.153 | 1.7523 | 6l 4.1 C18H3602 (-315) |52.164 | 0.011
52.589 | 1.7388 | 60 4 C18H3602 (415) |52389 |-0.2
53219 | L7197 |92 6.2 C4H6047n 53.21 -0.009
53.594 1.7086 | 71 4.8 Unidentified peak

53.931 | 1.,6987 |72 4.8 Unidentified peak

56.152 | 1.6367 |63 42 Unidentified peak

56.427 1.6293 143 9.6 Unidentified peak

56.638 1.6238 | 217 14.6 ZnO (11D 56.602 | -0.037
57.55 1.6002 | 51 3.4 Unidentified peak

57.828 | 1.5931 |54 3.6 Unidentified peak

58.067 | 1.5872 |90 6.1 Unidentified peak

58972 [ 1.5649 |90 6.1 C4H604Zn 59.177 | 0.205
62,698 | 1.4806 | 293 19.7 Unidentified peak

62.86 1.4772 | 370 249 | ZnO (103) |62.862 |0.002
63.296 | 1.468 194 13.1 Unidentified peak

66.153 | 14114 | 67 4.5 C4H604Zn 66.227 | 0.074
66.828 | 1.3988 | 57 3.8 Unidentified peak

67.666 | 1.3835 |62 4.2 Unidentified peak

67.899 1.3793 156 10.5 C4H6047n 67.859 | -0.04
68.194 | 1.374 | 100 6.7 | ZnO (112) |67.961 |-0.233

Table A10 XRD peaks resolved for sample synthesized containing 0.25ml OA at 200°C

2-Theta

d(A)

Height

1%(h
)

Phase ID

(hkl)

2-Theta

Delta
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2-Theta | d(A) Height | 1%(h | Phase ID (hkl) |2-Theta | Delta
)
16229 54573 |78 4.9 Unidentified peak
17.123 | 5.1743 | 83 53 Unidentified peak
18.083 | 49015 | 128 8.1 CI18H3602 (B00) |17.785 |-0.298
18.23 4.8623 | 85 8.3 C18H3602 (-210) [18446 |0.215
19.566 |4.5333 | 115 7.2 C36H7004Zn 19.58 0.014
20.796 | 4.2679 | 89 5.6 CI18H3602 (211 [20934 [0.138
21.458 | 4.1376 | 148 9.3 CI18H3602 (31 1) [21.631 [0.172
21.813 140712 | 103 6.5 C18H3602 -411) |[21.84] !0.028
22.797 ]3.8976 | 130 8.2 C18H3602 (-511) [22.771 | -0.026
23.13 3.8421 145 9.1 CI18H3602 (502) [22.842 |-0.288
23.485 | 3.785 128 8.1 CI18H3602 (511) |23.573 |0.088
24.348 | 3.6527 [ 110 6.9 CI18H3602 (602) [24.178 |-0.17
24.659 | 3.6072 |93 5.9 C18H3602 (1100) | 24.571 | -0.088
25.842 | 34448 | 111 7 C4H6047n 25.726 | -0.115
28.286 | 3.1525 | 122 bt C18H3602 (-1002) | 28.208 | -0.078
(28683 [3.1097 | 101 |64 | CI8H3602 (-1010) | 28.737 | 0.054
20.959 |2.9801 |77 4.8 C18H3602 (-1102) | 29909 | -0.05
31.8 28117 | 180 11.3 | Zn0O (100) |31.769 |-0.03]
34.42 2.6034 | 1589 i00 ZnO (002) |34421 |0.001
36.26 24754 | 359 226 | ZnO (101) !36.252 |-0.008
38.225 |2.3526 |55 Ay C18H3602 (-1312) | 38302 | 0.077
39T7T 22920 |55 3.5 C4H6047Zn 39311 10.04 |
40.009 | 22517 | 8] 5.1 C18H3602 (-14 12) | 40.04 0.031
40.626 | 2.2189 |63 4 C18H3602 (-820) |40.643 |0.017
41.171 | 2.1908 |55 8.5 C18H3602 (504) |41.166 | -0.005
41.427 |2.1778 |60 3.8 C18H3602 (122) {41383 | -0044
41.706 | 2.1639 | 60 38 Unidentified peak
42315 [2.1342 |89 56 Unidentified peak B
42661 |2.1176 |58 3.7 C4H604Zn 42,611 | -0.051
47.53 1.9114 | 122 77 Zn0 (102) |47.538 | 0.008
48951 | 1.8592 |78 4.9 Unidentified peak
49.192 | 1.8507 |71 4.5 Unidentified peak
| 49.51 1.8395 |6l 38 Unidentified peak 3
49.881 1.8267 | 50 3.1 Unidentified peak
50551 | 1.8041 |51 |32 | C36H7004Zn 50.463 | -0.088
56.56 1.6258 | 63 4 Zn0O (110) |56.602 |0.041
57.155 | 1.6103 |96 6 Unidentified peak
37.978 | 1.5894 | 58 31 Unidentified peak
| 58.531 1.5757 | 69 4.3 Unidentified peak
59.518 | 1.5519 |52 3.3 Unidentified peak
60.837 | 1.5214 |62 3.9 Unidentified peak
60.837 | 1.5214 | 62 3.9 Unidentified peak
61.173 | 1.5138 |49 3.1 Unidentified peak
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2-Theta | d(A) Height | 1%(h | Phase ID (hkl) |2-Theta | Delta
)
62.957 | 14751 | 232 14.6 Zn0) (103) |62.862 |-0.094
64.28 1.4479 |49 3.1 Unidentified peak
66.785 | 1.3996 | 58 3.7 Unidentified peak
67.566 | 1.3853 |55 325 C4H604Zn 67.859 | 0.293
67.946 | 1.3784 |78 49 Zn0O (112) [67.961 |0.015
67.946 | 1.3784 |78 4.9 Unidentified peak
68.105 | 1.3756 | 66 4.2 Unidentified peak
68.858 | 1.3624 | 55 < Unidentified peak
69.036 | 1.3593 |73 4.6 ZnO (201) |69.098 | 0.062

Table A11 XRD peaks resolved for samples synthesized containing 0.5ml oleic acid at

200°C
2-Theta | d(A) | Height | 1%(h) | Phase ID (hkl) |2 Delta
Theta
12.693 | 69683 |69 1.2 | Unidentified peak
12.921 | 6.846 | 83 I.5 | Unidentified peak
14285 | 6.1949 |62 I.] Unidentified peak
14877 59499 173 |3 Unidentified peak
19.438 | 4.5629 | 256 |45 | CI8H3602 102) |19.296 | -0.141
19.54 45392 248 |43 | C4H604Zn 19.493 | 0047
21.801 [ 40733 [3135 [54.8 | CI8H3602 (-411) [21.841 [0.04
22524 [3.9442 [185 |32 [ CI8H3602 (411) [2249 [-0.034
2302 [3.8603 1265 |22.1 |CI8H3602 (502) |22.842 [-0.178
24569 [3.6204 | 126 |22 | CI8H3602 (1100) [ 24571 | 0.002
25.099 |3.5451 |252 |44 | CI8H3602 (-711) |25.157]0.059
25285 [3.5194 | 185 |32 | CI8H3602 (-810) |25339]0.054 |
30.139 | 2.9627 |99 1.7 | CI18H3602 (612) |30.241 | 0.101
31.879 |2.8049 | 2848 | 498 | C4H604Zn 31.936 | 0.057
345 25975 | 4084 | 71.4 | C4H604Zn 34.466 | -0.034
3634 | 24701 | 5719 | 100 | C18H3602 (-120) |36.342 | 0.002
39.399 | 22851 |72 1.3 | C4H604Zn 39.311 | -0.088
39.777 | 22643 | 86 1.5 | C18H3602 (813) |39.782 | 0.005
43.193 |2.0928 104 | 1.8 | CI8H3602 (214) |43.384 0.191
44,097 [2.0519 |67 12 | CI8H3602 (622) |44.05 |-0.047
44362 20403 |72 1.3 | CI8H3602 (-1120) | 44.277 | -0.084
45247 (20024 |76 |13 | C18H3602 1(814) [452810.034
47641 | 19072 | 1606 |28.1 |ZnO (102) [47.538 | 0.103
50.687 | 1.7995 |74 1.3 | C4H604Zn 50.976 | 0.289
51.577 | 1.7706 | 83 1.5 Unidentified peak
52.049 [ 1.7556 | 61 I.1__| CI8H3602 (-1620) | 52.036 | 0.013
52271 | 17487 | 109 |19 | CI8H3602 (1613) [52.26 | -0.011
52.788 | 1.7327 |53 0.9 | Unidentified peak
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2-Theta | d(A) Height | I%(h) | Phase ID (hki) |2- Delta
Theta

53.577 1.7091 | 62 1.1 Unidentified peak

54.013 1.6963 |71 1.2 Unidentified peak

56.759 | 1.6206 | 1747 30.5 | C4H6047Zn 56.781 | 0.023

63.019 1.4738 2034 35.6 Zn0 (103) | 62862 | -0.156
66.462 | 1.4056 | 202 ) Zn0O (200) | 66378 |-0.084
66.638 | 1.4023 168 2.9 Unidentified peak

68.02 1.3771 1263 22.1 Zn0 (112) |67.961 | -0.059
69.141 1.3575 596 10.4 Zn0 (201) |69.098 | -0.043

10.3.2 UV/vis absorption spectra

Jan24Gd1-7 150mins
Jan24Gd1-3 30mins
Jan24Gd1-4 60mins
Jan24Gdi-5 90mins

- Jan24Gd1-6 120mins

+ Jan24Gd1-8 180mins

Absorbance, a.u.
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Figure A 4 Time evolution of samples synthesized at 175°C in a [Zn2+]:]JOA] ratio of
1:3
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47 | Jan30Gd1-1 15mins |

3.5 - Jan30Gd1-6 150mins!
L 31 | Jan30Gd1-2 30mins
w235 4 i Jan30Gd1-3 60mins
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<

-0.5200 300 400 500
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Figure A 5 Time evolution of samples synthesized at 175°C in a [Zn2+]:[OA] ratio of
2:5

10.4 Polymer-assisted synthesis

10.4.1 UV/vis spectra

6 -
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0 ! — —
200 300 400 500
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Figure A 6 Effect of water on particle size
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