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Tuning the Lattice Thermal Conductivity in Bismuth Telluride via Cr
Alloying

Ajit Jena, Seung-Cheol Lee, and Satadeep Bhattacharjee
Phys. Rev. Applied 15, 064023 — Published 9 June 2021

Article References No Citing Articles Supplemental Material m HTML Export Citation

Decreasing the thermal conductivity of a thermoelectric material is always a prerequisite for its potential
application. Using first-principle calculations, we examine the magnetism-induced change in lattice
thermal transport in bismuth telluride. The source of magnetic moment, Cr in the doped system, weakly
magnetizes the coordinated Te atoms to make the latter’s phonon softer than that in the pure
compound. Although the transition metal dopants do not participate directly in the heat conduction
process, the anharmonicity induced by them favors reducing the lattice thermal conductivity (rpp)
Large anharmonicity in thermodynamically stable (Big 7 Crg.a3)2 Tes reduces the in-plane room
temperature xp, by approximately 79%. However, the latter is found to lie above Cahill's limit (k) OF
the material which is an indication of the ability to achieve such a significant reduction of rpy. The
thermal conductivity, strictly, does not vary monotonically with doping concentration. For any particular
daoping level, the thermal conductivity is different for different configurations which is related to the
internal energy of the system. We find that the internal energy variance of 0.03 eV would reduce the in-
plane thermal conductivity of the room temperature lattice by at least 60% for 50% doping
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2o Ef ot o] 38l ~ 5B 7t XSSttt A=uIE ASS BA| FUA2H, &9

T o2 =

(degree)L} 22 (diploma)Zt O certificate® £=0{5tZ|Ct CiLiR|Hd 2 2= MBA
StRIE £05t= A= fZICt Teti Q= WsHEO| HIt Ciafo| OtL|Ct ShA|Pt
A4 Q1 MBA E7H0| M QUE0A 2|42 22| IS Y=L}

[IMA 2 61 40 27
[IMB 1 27 44 26
[IMC 3 42 98 46
ISB N/A 28 101-100 N/A

Q= F2 FICSHH Bt (EA: 2 F7 & A=)

> IM £2|E LOotE7| 7t F2 Aze UZUSFO|M HAIgE NIRF E=Z0F B70|Ct,
2019429 A< IIMBZ} 19, IMAZ} 29| 22|12 [IMCZt 32{0] SZTt. 2019E ZF=0F
7oz Al 1HICH IMeF Al 2MIEH 1IM Z 137171 B2t ci40] =[ACt. SHOIM EXO0|
AR 371 IIMR} T2 IMRF2] ZH2H= 3 A| LIEFLCE,

> O Az _'°9| 2 (TLR), &7+ 42t (RP), 3224 (PR) &=0|M FE2{A|7| '—fEf'-H:f

(HrArEHS] O 5), ot 28| o™ (=X, H+14H S A8) S

StCt Al 480M Mzt Hiet 20| Q= FFLso| A4y H %

¢l 37 st 20| THE Stulet 2{0|7} BO| Tt




2021E2: 0l DETS kY| (4)
|
A| 62 Indian Institutes of Management 27

A1 1M 74

3) &%

f TLR RP GO Ol PR
[IMA 2 1 80.61 90.74 57.75 98.1 68.12 96.32
IMB 1 2 81.34 92.85 55.03 98.35 73.09 100
[IMC 3 3 79.06 90.14 54.16 96.07 71.52 94.02
IIM Lucknow 4 4 67.28 85.36 34.53 93.02 57.55 69.57
[IM Indore 5 11 67.02 83.11 37.44 93.21 70.21 51.93
IIM Kozhikode 8 6 64.82 80.83 31.43 93.89 54.39 69.22
[IM Udaipur 13 13 60.79 78.26 35.34 85.01 71.99 25.08
[IM Tiruchirappalli 14 15 59.15 79.3 16.92 88.47 63.49 62.38
[IM Raipur 19 21 53.85 70.35 18.5 89.99 73.19 18.8
[IM Rohtak 23 27 53.11 59.9 28.95 88.61 66.21 21.13
[IM Shillong 24 N/A 53.01 76.56 8.47 92.23 54.9 35.62
[IM Kashipur 25 20 52.76 75.23 18.58 85.9 60.67 13.73
[IM Ranchi 28 40 51.03 65.07 8.27 91.02 68.31 39.92

NIRF 2019 lIMs B} (2]: NIRF 2019)

> =%t Hiet Z0| NIRFE| B7t= At 22 0|F0{RIC} A=W F0|A FIto| Sot=S

7|1 245S SHSHA|C, 2 ST 22 I S5HA| ¥ 4 U,

> TRLE Teaching, Learning and Resource 2A] F2 wK°| 20| it I, RP=
Research and Professional Practice2 &7 1o CiSt H7t, GO= Graduate
outcomelZ S| HE 5 SN L0 CHSt B7t, Ol= Outreach and Inclusivity
2M AR|710 & st g 9] Chefdo| thist B7t, PR Perception22 S= 2T Q14
7t d=0|ct,

> IM Shillong2 2018H0]| NIRF B7}S BFR| QLT

18



202153 ol NEDS 97| (4)
|
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A1E 1M 712

4) BYSEHY U ZYY BT
> A 14K Ik A 240ch o] PGP SS3i8 2 B8 42 2 3110l F2lsisict. A
T IM2] ES 0] 400 H Of ~ 600 F CH £~FOIC}, Ol S0{ IMA2S| B 2017

st % °._-|._442'340|_|_441D=‘0| 1SS SICT O] = 439%H0| 2
439 Z 427F0| 2[=S 3ACt [t stlie| AE SYELS 228 BF FL|0|C,
> ZYUES Al 1M 1MQ] B A2 100%0ICt A 2Mci IMe] BR0= ZYEO|
95%0]| KEISICt HEQ| SYUS EH IIMA, IIMB, IMC7Zt 2202+ 21| £0|H, CH2
TMC IMse] AL 1708 20 £~FO0|Ct. Azim Premji UniversityQ| Sustainable
Eployment CentreZt ZAlet At=0| =M 2[YALS HE2| 86%, /42| 90% 7t Ha
120t 20| &2 1 0|5te] =S &1 UL

=

1 Olofl SIS 3T, ZUY

> 230 2|49 T R S s Y20l 1108 20| ~ 1308 o] MAS
aorg o, IIMA,B,C /42| HE2 0fR =2 &= & &+ ULt

Institute ‘18 3 17 34 17 218t ‘18 =¢ ‘18 F ¢ og (RI)
[IMA 441 442 441 439 427 22,80,000
[IMB 410 407 407 399 399 22,00,000
[IMC 523 523 514 483 483 22,00,000
[IM Lucknow 495 495 463 443 443 18,77,000
[IM Indore 647 647 635 619 619 17,40,000
[IM Kozhikode 394 394 394 382 382 16,00,000
[IM Udaipur 240 180 195 179 171 11,66,000
[IM Tiruchirappalli 180 180 180 176 172 13,00,000
[IM Raipur 210 210 204 201 191 12,15,000
[IM Rohtak 252 151 151 151 144 11,63,000
[IM Shillong 180 180 172 172 172 16,00,000
[IM Kashipur 240 195 195 171 164 11,00,000
[IM Ranchi 240 190 186 184 178 14,50,000

A1 MIcH, A 2 Ml IMs 25 2 2 g (2017'F, 20181H)

> 20184 7|22 PGP st 4~ (18HA SHl 4~ + 28HA Sl 4= Top 3 (IMA, IIMB,
IMQO)2| & At = 1975F22 0| F 0{42] B|E&2 & 27%0|Ct. 02| HlE&2 ZAt
CHarRl 1370 IM 25 YA LT Top 3 IM2] 3<% 0{4H|=20| 27.58%, 1MICH IM2]| B
O 4H[20| 30.70%, Al 2MIC IM2] B OdH|=Z0| 20%0|Ct. SC, ST, OBC &4l SHl9o|
= A3 45% +20|0, 0| H|Z0| 71 =& X2 IIMAO|0{ 1 C+Z0[ IIM RanchiO|C},

_|°|'
S 0=
o
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2021532): olE NEMS 9K 7|(4)

A| 62 Indian Institutes of Management 27

A141IM 7
4) SHiS=0g L Y o
> A0|U= A2 Top 3 IMOfIM O] B|Z0| ZCh= AO|Ct (49.77%). Al 1MITH IM2] 3<%
47.49%, A 2MIci IMs2| HL 40.25%7tZ| H|20| Li2{Zict, A9|H cfsto] 23]
CHeFet A132| stlSS dYst= A2 2 20}
> =0l St & 17H0|H, 0| S 12YO0| IMBOf| 28 SO|C} IMBO|| z{5H Sl
1282 25 Q= e|=ZQlo|ct AR MO 229l sHio| H2 7ty 2 o|fs
QMIE|EL| 2A[O[Ct, A2 IM2] Ofid 14009 Btof SHYS MYst2| ob= BHH, O[S9
17| = Oi =Ct. IMB2| 2% MBA &H| A|gQl GMATZ S48 MY3I7|= st=g,
22| GMAT B 4= 71040| =Lt
> HMA 42 1071 MBA 42t B da 20t =0, O|ZA &2t d7t =2 Olfe
e £Q20 H2 JZ0| 7|QECH 1M FR 2|=Ql MY QS W2 2|5}A|
AeCh =09 FR0= A=QISH SUSH FYS alof gttt 2| Top 3 IMO|
g4 d+E 4E RI%ZrE 0l=2| Top 10 MBA 20| 7Is%t Ald H+E 74
Z|4zto|ct, Q=QIS9| FL, 32l FE MBAS Tt 2t=2| IMO]| 5t AtEHSO0|
Ao, o=0lES2 ™2 I °*Er T2tA Top 3 IIMS0| 2(=Q YSQIAE =
22|5t2| b= S, OI= IIMO]| 2|=Q! Q&2 Of< O LY.
PR =<} g4 04 gl oddle /=0l = BHM ot HS ZH &kl HE HIE SC+ST+OBC  SC+ST+OBC HI2
IIMA 595 235 830 28.31% 0 11 1.33% 432 52.05%
IIMB 644 237 881 26.90% 12 25 2.84% 432 49.04%
IIMC 736 280 1016 27.56% 1 28 2.76% 493 48.52%
IIM Lucknow 660 292 952 30.67% 0 246 25.84% 471 49.47%
IIM Indore 757 489 1246 39.25% 0 16 1.28% 600 48.15%
IIM Kozhikode 545 211 756 27.91% 2 120 15.87% 270 35.71%
IIM Udaipur 301 114 415 27.47% 1 12 2.89% 196 47.23%
IIM Tiruchirappalli 305 57 362 15.75% 1 72 19.89% 166 45.86%
IIM Raipur 297 116 413 28.09% 0 22 5.33% 199 48.18%
IIM Rohtak 372 31 403 7.69% 0 21 5.21% 163 40.45%
IIM Shillong 291 58 349 16.62% 0 18 5.16% 55 15.76%
IIM Kashipur 384 24 408 5.88% 0 0 0.00% 121 29.66%
IIM Ranchi 274 156 430 36.28% 0 29 6.74% 219 50.93%
el 6161 2300 8461 27.18% 17 620 7.33% 3817 45.11%
Top 3 1975 752 2727 27.58% 13 64 2.35% 1357 49.76%
M 1 MICH [IM 3937 1744 5681 30.70% 15 446 7.85% 2698 47.49%
Xl 2 MICH IIM 2224 556 2780 20.00% 2 174 6.26% 1119 40.25%

A1 MIcH, A 2 Alci IMs 2 2 S g (2017'H, 20181H)
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St57|(4)

A| 6% Indian Institutes of Management
Al 14 IM 721

5) b

rio
el
otok

> NIRF 20190f|= ZF 7| &Y
20187 A= wHo| At oy

274

WY FE FEE ZIWsHA| L1 QUCH 5HR|DF NIRF
IlL

KA, SPARSER] WO RAE S7HSHACt. NIRF

20180f= 20712] IM SOflA 127 7|22 FIHS 2UCH Tk 87 712 Wi JE=
& 7t gl TetM = A-0llM 2 712e] ST O[R[oAM e EE +2SHUCE i

CllofE] £~ Y-l Z 71A| etA7t ULt

-

> A A, 2E @ Y7t FHO[R|0f 22t UA| e FR7F UL = A, LR
g

2 HAL 89 0] Tie/7|2S BAISHA| Ut = EAMUME & 713 Yz
F4st Atz 255 of2fl 2O H2|5HRACH. NIRF 20180] T2H IMAS] w2 2F
128H2= 0| S0f| 127F0| AL &S £2[512 ULt 092 21F2=2 0j42f HIE2

16.54% = 01 42 HO|C}.

> IMBL| &l 2% 113HOZ 113Q 25 A} 8|2 A |5t QIC}
=]

24.78%= ZFA|5t1 QJUCt IIMCL| B 95F2| W S 94FHO|
AL, 6fd2 20HOICt, A 1MCH IMS] WY & &2

1008& 25 % 02 RAOICL 20194 7E 7[&22 EH0|A|0 S5& 3

w@o| F 4= 863FO|Ct. O] S0f| Top 301 300 F, Top 3 A|2| | 1 AM|CH MO
Al 2MICH vodl 217, Al 3 MIEH 1IMO]| 89O E—'?—ﬁf ULt A 3 M IM2] E

o DY 22} 12 £EO2 042 Hct

N

579,

-|0
J

> 2t g 7|2 SHO|Z|0)N 22 A=2E ENZ siQ| BrAte] =2t L HIZE AlLtstRICt,
32| AL SHRIZ} B|E0| 713 &2 X2 IIMBO| ZA| 1@ = 60% O|AH0| dHi2|0flA
SIQ|E EIQICE O] £0&= MIT, Northwestern S 0= H& Stu0|AM S5 2
WS Tt de|erAtel HIE-2 A| 2M|CH, A| 3MICHZ 7HHA A SHofRICE,
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202154: Q= NSuWF St 7|(4)

|
A| 62 Indian Institutes of Management 27
A 14 IM 7

b

5)

rio
el
otok

w@ PhD ¥ 04 WA Hddls E2gl of 2 2FAL = LHETA O] =0l
[IMA 128 127 21 16.54% 107 39 57 11
[IMB 113 113 28 24.78% 105 65 39 1
[IMC 95 94 20 21.28% 88 21 64 3
[IM Lucknow 87 86 14 16.28% 84 10 67 7
[IM Indore 100 100 14 14.00% 97 15 73 9
[IM Kozhikode 75 72 7 9.72% 76 [ 53 12
[IM Udaipur 27 26 6 23.08% 52 18 32 2
[IM Tiruchirappalli 52 48 10 20.83% 33 2 29 2
[IM Raipur 46 46 10 21.74% 27 3 24 0
[IM Rohtak 34 34 [ 32.35% 23 1 20 2
[IM Shillong 24 0 9 15
[IM Kashipur 33 32 7 21.88% 26 3 20 3
[IM Ranchi 40 40 10 25.00% 32 2 28 2
[IM Nagpur 21 2 19 0
[IM Amritsar 15 0 11 4
[IM Bodh Gaya 12 0 12 0
[IM Sirmaur 8 0 8 0
lIM Visakhapatnam 8 2 6 0
[IM Sambalpur 10 0 8 2
[IM Jammu 15 0 15 0
Al 863 194 594 75

[IM 9 88+ (2%{: NIRF 2019 2 2} 7|2 51 0] Z])
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