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Thermoelectric coefficients

To understand how transport resonances lead to high thermoelectric performance, we note that in the 

linear-response regime, the electric current I and heat current  passing through a device is related to �̇�

the voltage difference   and temperature difference  by[38, 39] ∆𝑉 ∆𝑇
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where T is the reference temperature. Since transport through single molecules is phase-coherent, 

even at room temperature, the coefficients  are given by , where𝐿𝑛 𝐿𝑛 = 𝐿↑
𝑛 + 𝐿↓

𝑛  (𝑛 = 0, 1, 2)
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In this expression,  is the transmission coefficient for electrons of energy E, spin of  =  𝑇𝜎(𝐸) 𝜎

[↑,↓]passing through the molecule from one electrode to the other[40] and  is Fermi 𝑓(𝐸,𝑇)

distribution function defined as  where  is Boltzmann’s constant. 𝑓(𝐸,𝑇) = [𝑒
(𝐸 ‒ 𝐸𝐹)/𝑘𝐵𝑇

+ 1] ‒ 1 𝑘𝐵

Equation (1) can be rewritten in terms of the electrical conductance (G), thermopower (S), Peltier 

coefficient (∏), and the electronic contribution to the thermal conductance (κe):

(∆𝑉
�̇� ) = (1/𝐺 𝑆

∏ 𝜅𝑒)( 𝐼
∆𝑇)                                                                  (3)
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From the above expressions, the electronic thermoelectric figure ZTe =S2GT/κe is given by

𝑍𝑇𝑒 =
(𝐿1)2

𝐿0𝐿2 ‒ (𝐿1)2
                                                                        (9)

For E close to EF, if T(E) varies only slowly with E on the scale of kBT then these formulae take the 

form[41]: 

𝐺(𝑇) ≈ (2𝑒2

ℎ )𝑇(𝐸𝐹),                                                                        (10)

𝑆(𝑇) ≈‒ 𝛼𝑒𝑇(𝑑 𝑙𝑛𝑇(𝐸)
𝑑𝐸 )𝐸 = 𝐸𝐹

,                                                       (11)

the power factor is given by , where  is the electrical conductivity ,  and  are the 𝜎𝑒𝑐𝑆2  𝜎𝑒𝑐
(𝐺

𝐿
𝐴

)
𝐿 𝐴

length and sector area of the device respectively.

where   is the Lorentz number. Equation (11) demonstrates that S is enhanced by 
𝛼 = (𝑘𝐵

𝑒 )2𝜋2
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increasing the slope of ln T(E) near E=EF and hence it is of interest to explore whether or not the 

ability to vary the metal centre in metallo-porphyrins can be used to move resonances close to EF. 
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Figure S1 The spin up, spin down and total transmission coefficient as a function of energy for (a) 

Co-DPP, (b) Cu-DDP,  (c) Ni-DPP and (d) Zn-DDP..

G
/G

0

10−6

10−4

10−2

100

EF-EF
DFT(eV)

−0.5 0 0.5

Co
Cu
Ni
Zn

Figure S2 The room-temperature electrical conductances for Co-DPP, Cu-DPP, Ni-DPP and Zn-DPP, over a 

range of Fermi energies at room temperature for each metallo-porphyrin.
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.

Figure S3 Shows Seebeck coefficient S (thermopower) as a function of temperature, at  .𝐸𝐹 = 𝐸𝐷𝐹𝑇
𝐹
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Figure S4 Shows the figure of merit (ZT) as a function of temperature, at  𝐸𝐹 = 𝐸𝐷𝐹𝑇
𝐹
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Figure S5 Shows electronic contribution to the thermal conductance as a function of temperature, at  

𝐸𝐹 = 𝐸𝐷𝐹𝑇
𝐹
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Figure S6 Phonon density of state for Cu, Ni, Co and Zn CPP

The wavefunction ( ) corresponding to the vibrational modes are the eigenvectors of the Dynamical Matrix D:𝜑

𝐷𝜑 = 𝜔2𝜑                              (𝑆1)
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The weight Pi of the wavefunction ( ) of the degree of freedom ( ) on each modes i can be calculated as:𝜑 𝑞'

𝑃𝑖 = ∑
𝑗 ∈ 𝑞'

|𝜑𝑖𝑗|2                        (𝑆2)

The participation ratio of the modes associated with the center of mass motion on x = [1 0 0], y = [0 1 0] and z 
= [0 0 1] directions can be calculated as:

𝑅 = 𝑄2
𝑥' + 𝑄2

𝑦' + 𝑄2
𝑧'              (𝑆3)

where 𝑄𝛽 = ⟨𝜑│𝛽⟩ / 𝑁                            (𝑆4)

𝑎𝑛𝑑      𝛽 = 𝑥' , 𝑦'  ,𝑧'                       

Figure S7. Participation ratio of the molecular for Cu, Ni, Co and Zn CPP. The number of modes between 

ħω =0 and 3meV is 35 for Co, 53 for Zn, 52 for Ni and 53 for Cu. All vibrational modes are calculated in 

the presence of the axial ligands
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Figure S8 Electrical and thermal conductance due to the electrons ratios. It is apparent that the ratio 

is not constant therefore; Wiedemann-franz law is violated.

Figure S9 Electrical and thermal conductance due to the electrons ratios. It is apparent that the ratio 

is not constant therefore; Wiedemann-franz law is violated.
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Figure S10 Schematic shows the central and external scattering regions and the principle layers in 

left and right leads in Gollum code

All results so far have been obtained using LDA. To demonstrate that results would not change the 
results significantly using an alternative approximation such as GGA, the following examples show a 
comparison between results obtained using GGA and LDA. Clearly there are small differences, but 
the qualitative trends are unchanged.

Figure S11 The transmission coefficient for (a) Co-DPP and (b) Ni-DPP as a function of Fermi 

energy, obtained LDA and GGA functionals.
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To enable the reader to reproduce our results, we include as an example, the following Gollum input 
file:

# name: Mode

# type: scalar

1

# name: ERange

# type: matrix

# rows: 1

# columns: 3

-3.00 3.00 1501.00

# name: leadp

# type: matrix

# rows: 2

# columns: 3

3 2 0

3 2 0

# name: atom

# type: matrix

# rows: 261

# columns: 4

1 1 3 0

2 1 3 0

3 1 3 0

4 1 3 0

5 1 3 0

6 1 3 0

7 1 3 0
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8 1 3 0

9 1 3 0

10 1 3 0

11 1 3 0

12 1 3 0

13 1 3 0

14 1 3 0

15 1 3 0

16 1 3 0

17 1 3 0

18 1 3 0

19 1 3 0

20 1 3 0

21 1 3 0

22 1 3 0

23 1 3 0

24 1 3 0

25 1 2 0

26 1 2 0

27 1 2 0

28 1 2 0

29 1 2 0

30 1 2 0

31 1 2 0

32 1 2 0

33 1 2 0

34 1 2 0

35 1 2 0

36 1 2 0

37 1 2 0
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38 1 2 0

39 1 2 0

40 1 2 0

41 1 2 0

42 1 2 0

43 1 2 0

44 1 2 0

45 1 2 0

46 1 2 0

47 1 2 0

48 1 2 0

49 1 1 0

50 1 1 0

51 1 1 0

52 1 1 0

53 1 1 0

54 1 1 0

55 1 1 0

56 1 1 0

57 1 1 0

58 1 1 0

59 1 1 0

60 1 1 0

61 1 1 0

62 1 1 0

63 1 1 0

64 1 1 0

65 1 1 0

66 1 1 0

67 1 1 0
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68 1 1 0

69 1 1 0

70 1 1 0

71 1 1 0

72 1 1 0

73 0 0 0

74 0 0 0

75 0 0 0

76 0 0 0

77 0 0 0

78 0 0 0

79 0 0 0

80 0 0 0

81 0 0 0

82 0 0 0

83 0 0 0

84 0 0 0

85 0 0 0

86 0 0 0

87 0 0 0

88 0 0 0

89 0 0 0

90 0 0 0

91 0 0 0

92 0 0 0

93 0 0 0

94 0 0 0

95 0 0 0

96 0 0 0

97 0 0 0
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98 0 0 0

99 0 0 0

100 0 0 0

101 0 0 0

102 0 0 0

103 0 0 0

104 0 0 0

105 0 0 0

106 0 0 0

107 0 0 0

108 0 0 0

109 0 0 0

110 0 0 0

111 0 0 0

112 0 0 0

113 0 0 0

114 0 0 0

115 0 0 0

116 0 0 0

117 0 0 0

118 0 0 0

119 0 0 0

120 0 0 0

121 0 0 0

122 0 0 0

123 0 0 0

124 0 0 0

125 0 0 0

126 0 0 0

127 0 0 0
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128 0 0 0

129 0 0 0

130 0 0 0

131 0 0 0

132 0 0 0

133 0 0 0

134 0 0 0

135 0 0 0

136 0 0 0

137 0 0 0

138 0 0 0

139 0 0 0

140 0 0 0

141 0 0 0

142 0 0 0

143 0 0 0

144 0 0 0

145 0 0 0

146 0 0 0

147 0 0 0

148 0 0 0

149 0 0 0

150 0 0 0

151 0 0 0

152 0 0 0

153 0 0 0

154 0 0 0

155 0 0 0

156 0 0 0

157 0 0 0
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158 0 0 0

159 0 0 0

160 0 0 0

161 0 0 0

162 0 0 0

163 0 0 0

164 0 0 0

165 0 0 0

166 0 0 0

167 0 0 0

168 0 0 0

169 0 0 0

170 0 0 0

171 0 0 0

172 0 0 0

173 0 0 0

174 2 3 0

175 2 3 0

176 2 3 0

177 2 3 0

178 2 3 0

179 2 3 0

180 2 3 0

181 2 3 0

182 2 3 0

183 2 3 0

184 2 3 0

185 2 3 0

186 2 3 0

187 2 3 0
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188 2 3 0

189 2 3 0

190 2 3 0

191 2 3 0

192 2 3 0

193 2 3 0

194 2 3 0

195 2 3 0

196 2 3 0

197 2 3 0

198 2 2 0

199 2 2 0

200 2 2 0

201 2 2 0

202 2 2 0

203 2 2 0

204 2 2 0

205 2 2 0

206 2 2 0

207 2 2 0

208 2 2 0

209 2 2 0

210 2 2 0

211 2 2 0

212 2 2 0

213 2 2 0

214 2 2 0

215 2 2 0

216 2 2 0

217 2 2 0
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218 2 2 0

219 2 2 0

220 2 2 0

221 2 2 0

222 2 1 0

223 2 1 0

224 2 1 0

225 2 1 0

226 2 1 0

227 2 1 0

228 2 1 0

229 2 1 0

230 2 1 0

231 2 1 0

232 2 1 0

233 2 1 0

234 2 1 0

235 2 1 0

236 2 1 0

237 2 1 0

238 2 1 0

239 2 1 0

240 2 1 0

241 2 1 0

242 2 1 0

243 2 1 0

244 2 1 0

245 2 1 0

246 0 0 0

247 0 0 0
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248 0 0 0

249 0 0 0

250 0 0 0

251 0 0 0

252 0 0 0

253 0 0 0

254 0 0 0

255 0 0 0

256 0 0 0

257 0 0 0

258 0 0 0

259 0 0 0

260 0 0 0

261 0 0 0


