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(PDA-FND) 228, 228
poly-L-lysine 116, 117, 118
polymerase chain reaction (PCR) 31
polymeric nanoparticles 84, 210
polymers 

as fluorescent molecular thermometers 57–60
of fluorescent monomer units 60–61

polymethylene backbones (poly(OPV-DD)) 60
poly(styrene-co-methacrylic acid) (PS-MA) 

nanoparticles 244
polystyrene film 23, 53
polystyrene microsensor 114
polystyrene microspheres 140
polyvinylpyrrolidone (PVP) 60
porphyrins 46–48
PPE-CO2-7 (poly(phenylene ethynylene) 

carboxylate) 60
predissociation 19
prima facie 215
prostaglandin E2 (PGE2) 150, 151
PS-MA (poly(styrene-co-methacrylic acid))

nanoparticles 244
PS-RhB (rhodamine B-labeled polystyrene) 60
PTMSDPA (poly[1-(trimethylsilyl)

phenyl-2-phenylacetylene]) 60
PVP (polyvinylpyrrolidone) 60
PYPYP (1,3-bis-(1′-pyrenyl)-propane) 50, 51
pyrazole-1 38
pyrene 50, 63

emission intensity ratio of 50
excimer fluorescence 68

N-(1-pyrenylmethyl)-1-pyreneacetamide 
(PMPAA) 50

N-(1-pyrenylmethyl)-1-pyrenebutanamide 
(PMPBA) 50

2-(4-pyridyl)-5-(4-N,N-dimethylaminophenyl)-
1,3-oxazole (oxazole-1) 38

q
Q-dots. see quantum dots
QTracker cell labeling kit 139
quantum dots (Q-dots) 84–87, 86, 117, 118, 

133, 156
CdSe/ZnS 85
CdS/ZnS 85, 212
emission intensity ratio of 133

r
radiative fluorescence process 20
Raman spectroscopy 188–191, 189

of fission yeast cells 192
with phenyl isocyanide molecules 190

ratiometric fluorescent thermometer 117, 140
ratiometric systems 39
reactive oxygen species (ROS) 126
red-eared slider turtle (Trachemys scripta elegans)  

8, 10
relative sensitivity 205, 206–207
relaxation processes 18, 18
reliability issues, in intracellular 

thermometry 205–236
calibration curve 212–215, 214, 216
endogenous thermogenesis 215–233
functional independence 208–212, 211
near-infrared luminescent 

thermometry 233–236
sensitivity and temperature resolution  

205–208, 206–207
reptiles 8–9, 9
resonant thermal sensor 197–198, 199
“response to environmental temperature” 1, 

7–11
variations 11–13

retro Diels–Alder reaction 36, 37
RhB (rhodamine B) 25–33, 26, 31, 32, 57, 231
RhBIV 152
rhodamine B (RhB) 25–33, 26, 31, 32, 57, 231

application 27
fluorescein 27 and 39
fluorescence intensity 28
fluorescence lifetime 28
fluorescent molecular thermometers 150
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microfluidic system with 29
onion skin and 266, 267
ratiometric temperature measurements by 30
temperature measurement of 31

rhodamine B-labeled polystyrene (PS-RhB) 60
RNA 76–79, 242
RNA-binding proteins 11
ROS (reactive oxygen species) 126
rotating substituent group 25–36

8-aryl-BODIPY derivatives 34
cyanines 35–36
NBD-NHPr 33
rhodamine B 25–33, 26, 27, 29–33
triaylborons 34–35

Ru(bpy)3
2+ (tris(2,2′-bipyridyl)ruthenium(II))

complex 41–43, 42, 43
ruthenium 41–43
ryanodine receptor 1 (RYR1) 168–169, 171
RYR1 (ryanodine receptor 1) 168–169, 171

s
Saccharomyces cerevisiae strain SYT001, 120
Salmonella typhimurium 194
sarco-endoplasmic reticulum Ca2+-ATPase 

(SERCA) 153
SARS CoV-2 (severe acute respiratory syndrome 

coronavirus 2) 140, 185
scientific diplomacy 222
selenoprotein P (SeP) 160
self-assembled DNA tetrahedron 78
SERS (surface-enhanced Raman 

spectroscopy) 188
severe acute respiratory syndrome coronavirus 2 

(SARS CoV-2) 140, 185
signal-to-noise ratio 208
silica microfiber 191, 193
silica nanoparticles 254
silicone composite, nanoparticles in 94
silicon nanowires 112–114, 114
silicon-vacancy nanodiamonds 93
silk film 249
Si microresonator 218
simultaneous monitoring 263–265, 265
single-nucleotide polymorphisms (SNPs) 76
SiO2 nanoparticles 59
SiR–CH2Cl 152
Si resonant thermal sensor 197–198, 199
Si-rhodamine 152
Sirius 243
skunk cabbage (Symplocarpus renifolius) 7, 7
small organic fluorescent 120
small organic molecules 

in intersystem crossing 21–25

other 39–41
reactive 36–38
with rotating substituent group 25–36
viscosity-sensitive 38–39

SNPs (single-nucleotide polymorphisms) 76
social stress 4
solid inorganic fluorescent thermometers 84
solid inorganic nanostructures 321
solid–liquid transition 82
spectrofluorometer 208
spermatogenesis 9
spontaneous thermogenesis 1, 2–7

bear 5, 5
human 2–4, 3
oceanic lives 5–6
plants 6–7

SQR22 81
Staphylococcus aureus 151
Stenotaphrum variegata 197
Stokes law 18
stress granules formation 11, 12
sulforhodamine B 32–33
surface-enhanced Raman spectroscopy 

(SERS) 188
synthetic cationic polymer 116
synthetic polymers 57–76

t
T1AM (3-iodothyronamine) 140, 141
TAT (transactivating transcriptional activator) 

protein 117
TBBD (1,1′-(6,6′-((2,4,6-triisopropylphenyl)

boranediyl)bis(pyrene-6,1-diyl))
dipyrrolidine) 35

temozolomide (TMZ) 257
temperature 1

for living things 1–14
and organisms 1
with physiological events 2
“response to environmental temperature” 1, 

7–11
spontaneous thermogenesis 1, 2–7
TRP channels 11, 13

temperature-dependent sex determination, in 
reptiles 8–9, 9

temperature distribution 126–133, 215
centrosome 131, 131
mitochondria 132, 132
neurite in neuronal cell 133, 133
nucleus 126–131

temperature gradient 241
temperature measurement system 197
temperature monitoring 143
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Caenorhabditis elegans by 244
HEK293 cells 155
at lysosome 163–164
in photothermal muscle 255

temperature-responsive protein 12
temperature-sensing system 81, 188
“temperature uncertainty” 206
5,10,15,20-tetraphenyl-21H,23H-porphyrin 

copper(II) (CuTPP) 46–47
tetraphenylporphyrin (TPP) 47
Tf-QDs (membrane transport protein 

transferrin) 156, 156
theragnostics 250
theranostics. see theragnostics
thermal diffusivity 229
thermal medicine 250–258
thermal sensor 226
thermal signaling 241
thermistor 200–201, 201
thermochromic fluorescent materials 38
thermocouples 17, 193–197
thermography 185
thermometry, concept of 32
thermoregulation system 4
thermoresistance 242
thermo-responsive moiety 62
thermo-responsive polymers 61–76, 275–293

of acrylamide derivatives 72–73
and environment-sensitive 

fluorescent 302–303
nanogel thermometer composed of 75

“threshold” fluorescent thermometer 59
TIAR 11, 12
TICT@AIE 82
TICT (twisted intramolecular charge transfer) 

state 33, 34
time constant 196–197
TMZ (temozolomide) 257
TPP (triphenylphosphonium) 148
transactivating transcriptional activator (TAT) 

protein 117
transient microscopic method 229
transient receptor potential (TRP) channels  

11, 13
in plasma membrane 13

transient receptor potential vanilloid 4 
(TRPV4) 168

transmission spectroscopy 191–193
triaylborons 34–35
1,1′-(6,6′-((2,4,6-triisopropylphenyl)

boranediyl)bis(pyrene-6,1-diyl))dipyrrolidine 
(TBBD) 35

triphenylamine moiety 40

triphenylphosphonium (TPP) 148
triplet–triplet annihilation (TTA) 246

upconversion nanomicelles 82–83, 83
triplet–triplet annihilation Nd nanophosphors 

(TTA-Nd-NPs) 246
tris(thenoyltrifluoroacetonato)europium(III) 

complex (EuTTA) 44, 44–45, 46
tris(2,2′-bipyridyl)ruthenium(II) (Ru(bpy)3

2+) 
complex 41–43, 42, 43

TRPV4 (transient receptor potential vanilloid 
4) 168

tsGFP1-F (plasma membrane-targeted fluorescent 
molecular thermometer) 154–156, 155

TTA (triplet–triplet annihilation) 246
TTA-Nd-NPs (triplet–triplet annihilation Nd 

nanophosphors) 246
tumors, heat production in 4
twisted intramolecular charge transfer (TICT) 

state 33, 34
type K thermocouple 197

u
UCNPs. see upconversion nanoparticles
UCP1 (uncoupling protein-1) 159
UCP2 (uncoupling protein 2) 174, 185
ultrasound-switchable fluorescence (USF) 68, 

69–71
uncouplers 136–138, 137
uncoupling protein-1 (UCP1) 159
uncoupling protein 2 (UCP2) 174, 185
upconversion nanoparticles (UCNPs) 82, 93–94, 

148, 163, 226, 227
ratiometric 250

upper critical solution temperature (UCST) 96
USF (ultrasound-switchable fluorescence) 68, 

69–71

v
vanadium dioxide (VO2) 200

microthermistor 201
vanadyl 2,11,20,29-tetra-tert-butyl-2,3-

naphthalocyanine (V-Nc) 261
viscosity-sensitive small organic 

molecules 38–39
V-Nc (vanadyl 2,11,20,29-tetra-tert-butyl-2,3-

naphthalocyanine) 261
VNP20009 194
“volume phase transition temperature” 75

w
“warmblooded” 2
water molecules, Raman intensity ratio of 188
wireless and precise muscle activation 255
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W-PU-Pt thermocouple 194
WST-1 (2-(4-iodophenyl)-3-(4-nitrophenyl)-

5-(2,4-disulfophenyl)-2H-tetrazolium, 
monosodium salt) 124

WST-1 assay 124

y
yeast cells 125, 185
yoshino cherry 11

z
Z-DNA (Z form) 76
zebrafish larva 242, 243
Z form (Z-DNA) 76
zinc complex (ZnTPP) 47
ZnO microcrystals 86
ZnTPP (zinc complex) 47
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