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ABSTRACT 

 

 

Sensing is everywhere now and will become more common in future. There was someone 

had provided an idea about “smart word in the future”, which needs to detect and analyze useful 

data about our environment. Also, sensing bulky environmental properties has great application 

in some research fields, such as biomedical, thermodynamics, and micro-fluid. Temperature and 

viscosity are two things we need to come up ways to measure. It is because they have some great 

effects on molecular motion, for example, diffusion or reaction.  

 

In my work, I studied luminescent temperature and viscosity sensors based on a novel class 

of phosphorescent molecules, which have photoinduced structural change and shown 

environmental dependent photophysical properties. The studied phosphorescent molecules are 

pyrazolated bridged platinum dinuclear complexes, which are also called butterfly-like platinum 

(II) complexes.  

 

Upon photo-excitation, butterfly-like platinum (II) complexes can undergo molecular 

structural change. It can lead to the formation of two distinct excited state and dual emission. The 

dual emission is green/blue emission from the high-energy excited state at the long Pt-Pt distance 

and red emission from the low-energy excited state at the short Pt-Pt distance. 

 

This photoinduced molecular structure change has a strong dependence on the molecule’s 

surrounding environment, such as phase, viscosity and temperature. It allows its application as 

ratiometric and self-referenced luminescent phase change sensor, viscosity sensor and 

temperature sensor. As for phase change sensor, molecule butterflies can emit green/blue light in 

solid matrix with frozen and fixed wings. When it is in liquid or solution state, they can flap their 

wings to rise both green/blue emission and red emission. 

 

Based on the study of phase change process, ratiometric luminescent temperature and 

viscosity sensor has been achieved. There are some correlations between dual emission ratio 

(red/green or blue) and environment factors, such as temperature and viscosity. With the increase 



 xi 

of temperature or decrease of viscosity, dual emission ratio will be increasing. According to my 

experiment, temperature and viscosity can make a linear correlation with dual emission ratio. By 

measuring the dual emission ratio, temperature and viscosity can be detected. The reversibility of 

sensors has been proved. 

 

The proposed mechanism about temperature and viscosity sensor can be described, based 

on the energy barrier and kinetic rate for photoinduced structural change on the two triplet 

excited state potential energy surface. Considering the process of photoinduced structural change 

is reaction, Bell-Evans-Polanvi principle is used for molecule dynamic to describe the 

mechanism. By designing these sensor, I have improved the understanding about the 

fundamental studies about excited state dynamics of phosphorescent platinum dinuclear 

complexes which can lead to the design and development of new metal complexes with desired 

photophysical and photochemical properties. The application will be explored in a variety of 

areas from optoelectronic devices to biosensor. 
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CHAPTER 1 

 

BACKGROUND 

 

1.1 Luminescent Molecular Temperature Sensor 

 

The measurement of temperature is ubiquitous in all fields of science, engineering and 

medicine. Until now, there are three kinds of most popular type of thermometers .The first one is 

liquid-filled glass thermometers based on thermal expansion. Mercury-in-glass thermometer 

might be the most common one that people could think of. While for the toxicity of mercury, its 

use has become increasing rare nowadays. 

 

Other methods used thermocouples, thermistors or resistance thermometers, with which 

measurement is accomplished by means of electrical signals. However, temperature-dependent 

electrical signals will be altered in “hostile” environments where large electrical or magnetic 

fields are present, or in chemical environments where corrosion of thermocouples junctions will 

occur. Also, many applications require accurate measurement of temperature distribution over a 

large area, which makes it impractical and expensive to machine an array of thermocouple taps 

into the surface. For many applications, it is essential to obtain temperature data by non-electrical 

means.  

 

As a means of measuring temperature remotely, optical methods offer a viable alternative to 

conventional thermocouples or thermistors. In particular, they may be deployed where it is 

undesirable or impossible to connect a wire such as where electronmagnetic noise is strong, in 

explosive or corrosive environments and near/at high-speed moving parts such as turbine blades, 

in the neonatal intensive care unit (NICU) for continuously monitoring the body temperature of 

newborn babies. 

 

 The most common optical method is infrared thermometry. However, remote two-

dimensional IR thermography offers some advantages, they are not accurate in many situations 
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because of intrinsic limitations, including strong absorption of radiation by water vapor and 

ordinary glass materials, the fact the radiation from a solid object seldom exhibits distinctive 

thermal signatures, only surface temperature being able to be measured, and limited resolution. 

Also they cannot “see through” glass, liquids or other transparent surfaces. 

 

Luminescent thermometers are inherently multidimensional with great potential offering 

highly sensitive, selective and rapid feedback, in which exciting light is shined on temperature 

indicators incorporated/ attached to the substance of interest and the temperature is determined 

by the “signature” of the reflected or emitted light. This technology could be extremely useful for 

mapping temperature fluctuations at the cellular level, in nano/microfluidic chips and micro-

electronmechanical systems and for locating heat “bottlenecks” in an integrated circuit. 

 

Temperature-sensitive luminescent thin films, droplets, or nano/micro-arrays provide the 

foundation for remote temperature measurement. Since most materials luminesce in the visible 

spectral region, the light can be measured through nearly every intervening media. Organic dyes 

and quantum dots are two candidates for luminescent thermometers. However, organic dyes 

blench quickly and quantum dots are not easy to obtain high uniformity with toxicity issues. Also, 

the sensitivity and accuracy of luminescent thermometers developed to data are relatively low. 

 

Luminescent molecular temperature sensors, probed by organic dyes, are typically 

illuminated with short pulses of light (UV). The luminescent molecule can display temperature 

dependent emission, due to the Boltzmann distribution.  

 

Assuming that only radiative transitions can be allowed at low temperature, non-radiative 

decays can become possible when higher temperature can provide thermal energy. Electrons will 

be excited within the excited state (S1 or T1) transitions to electronic states with varying 

vibrational levels that are overlapping at different energy levels.
1
 It is the reason why non-

radiative decays can occur. 

 

According to Arrhenius equations, rate of non-radiative transitions (�!"#) should be related 

to temperature like: 
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�!"#~�
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∆!
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Where ∆� is the energy gap (between the lowest levels of the excited state and non-radiative 

decay state) 

       k is the Boltzmann constant.   

 

According to this equation, it is shown that the non-radiative transition rate can increase at 

higher temperature. The quantum yield (QY) of luminescence can be described as the ratio of the 

number of emitted photons to the total number of absorbed photons. 

 

�� = Γ (Γ+ �!"#) 

Where Γ is the rate of radiative transition. It is shown that quantum yield will decrease with 

temperature. There are some factors can effect luminescence intensity by Parker’s law 

 

� = �!Φ�ℇ�� 

Where � is luminescent emissive intensity 

      �! is the exciting light intensity 

      Φ is the QY of organic dye 

k is geometrical factor 

      ℇ is molar absorbance 

      d is penetrated length 

c is concentration of organic dye 

 

Ignoring photobleaching, emission intensity is only affected by quantum yield, which can vary 

with temperature.  

 

There are a lot of optical properties of emission can be temperature dependent, such as 

excitation and emission wavelength, lifetime, intensity and changes in anisotropy. In my work, I 

focus more on emission intensity change with temperature. 

 

In fact, emission intensity is affected by many factors, including concentration, geometrical 

structure, the intensity of exciting light, light scattering, light reflections and background 
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fluorescence. Ratiometric intensity measurement can be designed for reducing the influence of 

these factors. Two kinds of ratiometric intensity measurement sensors have been reported.  

 

The first one is designed using two dyes: one as the molecule probe, the other as reference 

dye. The two dyes can be excited at the same wavelength, but emitted light at different emission 

wavelength. By using the organic dyes controlled similar structure, this method can be achieved. 

However, different photobleacing for different molecules is a problem. Different dyes will have 

different bond or reactions with surrounding molecules, which may lead photobleach to make 

dyes permanently unable to fluoresce.  

 

The second one cane be also called self-referenced luminescent thermometer. That means 

there is only one luminescent molecule probes with dual emissions, one is considered as probe 

emission and the other represents reference emission. The ratio of dual emission intensities 

represents a self-referenced signal. Such probes are very rare, but it is valuable. It is preferred 

because it can eliminate most limitations. My work is focus on a series of luminescent molecules 

with temperature sensitive dual emission. 

 

There are some features to evaluate desirable temperature sensitive molecule probes: (a) 

Good sensitivity which means signal should undergo a large change with temperature (b) 

Absorption and emission are preferred to occur at long wavelength in order to reduce interrupt 

by the intrinsic color of samples (c) Good photo-stability for long-term monitoring (d) Toxicity 

should be considered when an in vivo use is intended. (e) High brightness, high quantum yield  

 

Luminescent transition metal-ligand complexes for temperature sensor are of interest, 

because they often have long lifetimes (in the �� range), absorption in the visible range, 

moderate brightness, and large Stokes shifts, which means position in wavelength of emission 

and absorption has a difference of the same electronic transition. Until now, there are several 

temperature sensor probed by transition metal complexes have been reported, such as Ruthenium, 

Iridium, Platinum, Nickel, Copper. 
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Luminescent platinum complexes temperature sensor has been developed recently. Due to 

overlapping metal-ligand charge transfer (MLCT) transitions, Pt (II) complexes can tune the 

emission color for molecular engineering. Therefore, Pt (II) complexes temperature sensor will 

possess the advantages, such as color tenability, brightness, sensitivity, dynamic range, and 

photostability. Also, platinum (II) complexes have been reported to applied to image of living 

cells. X.Mou’s group
2
 has proved their good cell membrane permeability and non-toxicity. 

 

Now, let’s discuss two kinds of platinum complexes for temperature sensor, which have 

been reported and developed well. The first one is a series of yellow/green to blue/green light-

emitting heteroleptic, cyclometallated [(C^N)Pt(II)(acac)] complexes, which is excited by 405nm 

LEDs.
3
 The characteristic is long lifetimes in the several �� range and moderate quantum yield 

of 15%.  

 

The represent of this series of molecule temperature probe is Pt(II) complex of (4-

bromophenyl)-5,6,7,8- tetra-hydroquinoline (Brph-thq Pt). The structure is shown in Figure 1. It 

can possess a fairly good temperature response from 273 to 333K in the matrix of polystyrene.  

 

 

Figure 1.Molecule structure of Pt(II) (Br-thq)(acac)
1
 

 

Platinum (II) octaethylporphyrin (PtOEP) has a thermal quenching with higher temperature, 

which can be used as temperature probe. The molecule structure is shown in Figure 2. Also, 

PtOEP has a temperature-dependent lifetime of 50 ��. Thus, lifetime-based thermal imaging has 



 6 

been designed and the accuracy is about ±0.25K. 
4
Induced by short thermal pulses, temporal 

temperature change mapping imagine can also been demonstrated. However, oxygen quenching 

is strong about the sensing film. 

 

 

Figure 2.Molecule structure of PtOEP
1
 

 

1.2 Luminescent Molecular Viscosity Sensor 

 

Viscosity is a measure of its resistance of a fluid against gradients in flow, which plays an 

important role from the microscopic to the systemic level. Also, it has been applied in biological 

systems for research experiments. There are many methods to measure viscosity. However, they 

possess some common disadvantages, such as long time-consuming, expensive instrumentation 

and so on. 

 

There are some conventional and mechanical viscosity measurement, such as the capillary 

viscometer, the falling ball viscometer, and the rotational viscometer. Measuring the resistance 

of the fluid of internal friction is the principle of all mechanical methods, due to the common that 

the fluid is subjected to shear forces. 

 

The internal friction of a fluid is found to be proportional to the dynamic viscosity � and 

the velocity gradient (i.e. the shear rate). However, high amount of sample fluid and the long 
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measurement time is needed. Also, some materials will adhere to the surfaces of the instrument, 

which induce an error of the measurements. All the conventional viscosmeters could not be a 

biosensor. 

 

Another measurement of viscosity is using luminescent organic molecule to probe 

environmental viscosity of matrix. It shows high sensitivity, short response time and high spatial 

and temporal resolution, which have been applied in biological field and microscopic scale.  

 

The most popular organic molecule viscosity dye is molecular rotors, which can form 

twisted intermolecular charge transfer (TICT) states upon photo-excitation. 
5
There are some 

most common molecule rotors derived from the group of p-(dialkylamino)-

benzylidenemalonitriles. Figure 3 shows the molecular structure of two kinds of molecular rotors, 

9-(dicyanovinyl)-julolidine (DCVJ) and 9-(2-carboxy-2-cyano)vinyl julolidine (CCVJ). TICT 

forms by photoinduced electron transfer from the julolidine nitrogen to one of the nitrile groups 

with subsequent intramolecular rotation around the julolidine-vinyl bond.
6
  

 

The structure of thesis rotors has a donor-π-acceptor feature, as an example of DCVJ, which 

dicyanovinyl groups as the electron acceptor and a dialkylamino group as the electron donor. 

There are two excited states accessible upon photoexcitation, locally excited (LE) and twisted 

intramolecular charge transfer (TICT) states
7
. The LE state is usually proposed to have an 

emission, however, TICT state will not be emissive.  

 

When the viscosity is increasing, the rotation about the C-C single bond of the donor group 

will become slow. It can reduce the transition from the LE state to the TICT state. Thus, the 

populations of the LE state increase, which enhance the fluorescence emission intensity 

correspondingly. In other words, viscosity will depend on emission intensity of molecular rotors 

by changing the TICT formation. 

 



 8 

 

Figure 3.Structure of two molecular rotors, DCVJ1 and DCVJ2
5
 

 

In order to attach different recognition elements, some chemical modifications can be made. 

It has been proved that this modification will not change the photophysical behavior. Some other 

generic structures of molecular rotors have been reported, which is shown in Figure 4.  

 

Monocyclic structure versus a tricyclic structure containing the electron-donating nitrogen 

as the chemical modification will not change the behavior of viscosity sensitivity. The unique 

property of molecule rotors can be applied by measuring cellular fluid at different elements, 

which link to a wide variation of diseases. 

 

 

Figure 4.Generic structure of a molecular rotor (3) and two hydrophilic derivatives (4,5)  
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Viscosity of molecular-free volume of the solvent can effect intramolecular rotation due to 

the steric hindrance. That means the intramolecular rotation has a relationship with the free 

volume of the microenvironment. 

 

According to Forster-Hoffmann equation, a mathematical relationship between viscosity � 

and quantum yield � seems like: 
8
: 

log� = � + � log � 

Where C is a constant dependent on temperature  

x is a constant determined by different dyes 

 

Assuming that temperature and absorption are constants and background light can be 

negligible, the equation can become as 

 

�!

�!
= (

�!

�!
)!/! = (

�!

�!

)!/! 

It is shown that emission intensity will increase with the increasing of viscosity. Some 

groups have measured the excitation and emission spectra for DCVJ in mixtures of ethylene 

glycol and glycerol. Higher glycerol content with higher viscosity can control the viscosity of the 

solvent. Higher viscosity of solvent leads to higher emission intensity. 

 

Calibration of the intensity- based measurement should be considered, due to the effect by 

the fluid optical properties, dye concentration, and solvent-based interaction. Ratiometric 

viscosity sensors have been designed to solve these challenges. 

 

There are two kinds of ratiometric viscosity sensor. The most common ratiometric viscosity 

sensor contains two molecular dyes. One is as molecule viscosity probes, the other acts as 

reference dye. However, this kind of viscosity sensor will induce some errors due to the different 

mircroenvironment of different dyes. Therefore, a self-reference ratiometric viscosity sensor has 

been designed to solve these challenges. 
5, 9

 There are two units linking to each other keeping the 

distance to Forster distance.  
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Figure 5.Design principle of a ratiometric dye system 

 

Excited at the wavelength of 360 nm, the emission spectrum of the ratiomatric viscosity 

sensor system can be shown to describe that the emission intensity will be increased with 

viscosity increasing. 

 

In addition, the combination of chemical modified molecular rotors with specific 

recognition groups allows them to attach the specific target part, such as the cell membrane or 

cytoplasm. 
10

Therefore, molecular rotors can be applied as new biosensors for studying cellular 

biomechanics.
10-11

Also, it can measure the viscosity of both bulk and local microenvironment. 

 

1.3 Precise Manipulation of Photoinduced Structural Change and Dual Emission of 

Phosphorescent Molecular Butterflies 

 

Transition metal complexes have attracted great interest because it shows fast and 

complicated excited-state dynamics owing to strong spin-orbit coupling and a high density of 

states. The Cu(I) complexes with phenanthroline dericatives, which can exhibit 

photoinduced“flattening”structural change in the metal-to-ligand charge transfer (MLCT) excited 

state, has been studied extensively and thoughtfully by a number of research groups. In the 

ground state (�!), Cu (I) complexes have �!! structures tetrahedron, in which two ligands are 

attached to Cu (I) ion perpendicularly. 
12

With MLCT excitation, the central Cu (I) ion could be 

oxidized to Cu (II), which leads to the structural change to the “flattening” square-planar-like 

structure as normal Cu (II) complexes. 
13

It is shown in Figure 6. 
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Figure 6.Ultra excited-state dynamics of Copper (I) complexes 

 

Square-planar platinum (II) complexes have attracted attention for their efficient generation 

of triplet excited states upon photoexcitation, allowing their application. Mononuclear platinum 

complexes can form dimers and excimeres through strong Pt-Pt interactions in certain 

circumstances. Thus, synthetically manipulating the Pt-Pt distance on a sub-nanometer level by 

controlling the bulkiness of groups at the 3- and 5- positions of the bridging pyrazolate ligands, 

butterfly-like platinum (II) binuclear complexes with controlled photophysical properties can be 

obtained.
14

 

 

Pyrazolate bridged platinum (II) binuclear complexes are also called butterfly-like platinum 

(II) complexes, considering pyrazolate bridge as butterfly body and cyclometallating ligand as 

butterfly wings. 
14

 BFPtPZ ([�^��� � − ��! !���^�], �^�=2-(2,4-difluorophenyl)pyridine, 

PZ’=pyrazolate) have been fully reported in our group in 2014, the structure is shown in Figure 7. 
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Figure 7. Molecule structure image of BFPtPZ
14

 

 

Unlike ultrafast photoinduced flattening of Cu (I) complexes, which take place at the 

timescale of femtoseconds or picoseconds and yield single emission. Butterfly-like platinum 

complexes exhibit a much “slower” PSC (in the �� scale) between two excited structures on the 

first triplet excited state potential energy surface (PES). The slow PSC allows the co-existence of 

two lowest excited states, resulting in dual emission in the steady state. 

 

In the ground state, there is just spin-forbidden mixed ligand center/metal-to-ligand charge 

transfer (
3
LC/MLCT), no metal-metal-to-ligand charge transfer (MMLCT). 

15
In other words, 

molecular butterfly stays in the wing spreading ground state with a long Pt-Pt distance. It has 

been proved by DFT that the highest occupied molecular orbital (HOMO) is localized mainly on 

the phenyl ring and the lowest occupied molecular orbital (LOMO) is localized mainly on the 

pyridine ring. It is shown in Figure 8. 

 

 

Figure 8.HOMO surface plots for BFPtPZ by DFT calculations
14
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Upon light absorption, butterfly-like platinum (II) complexes is excited to a singlet ligand-

center/metal-to-ligand charge transfer (LC/MLCT) excited state (S1), which undergoes ultrafast 

intersystem crossing (ISC) to form the first triplet state (�!,!) with a long Pt-Pt distance without 

Pt-Pt interaction. This high-energy triplet excited state can undergo two ways: one is radiative 

decay with green/blue phosphorescence, the other is fast shortening Pt-Pt distance to form the 

second low-energy excited state (�!,!) with strong Pt-Pt interaction and red emission. In other 

words, this molecular butterfly can generate both green/blue and red emission when it ‘flaps’ its 

‘wings’ under light excitation. 

 

 

Figure 9.Potential-energy curves and transitions for BFPtPZ
14

 

 

This shortening of the Pt-Pt distance, or molecular butterfly wing folding is environment 

dependent. In a solid-state matrix, the molecule is frozen preventing the molecular structure 

change. Whereas in solution, the molecule can undergo structural change, allowing for dual 

emission upon photoexciation. 

 

BFPtPZ is taken to be an example, which is shown in Figure 10. When it is in Polystyrene 

solid state, it emits greenish-blue light. When it is in the Dichloromethane solution, it can get 

dual emission, both greenish-blue and red. 
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Figure 10.Emission spectra of BFPtPZ in solid and liquid state and the excitation spectra with 

different wavelength.
14

 

 

This environment-dependent luminescence affords the application of butterfly platinum 

complexes as a sensor for solid-liquid phase change. It shows the emission spectra of BFPtPZ in 

Ethylene Carbonate (EC), whose melting point is 35-38℃, at different temperature from 31℃ to 

49℃. It is shown that the ratio of red and blue emission will be increasing as temperature 

increasing. And at the temperature range from 39℃ to 43℃, it happens the phase change, which 

leads to a sharp change of the ratio of red and blue emission. It means that both temperature and 

phase change will effect the dual emission.  

 

 

Figure 11.The normalized emission spectra of BFPtPZ in EC at various temperatures
14
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Figure 12.A correlation between the temperature and the ratio of red/ blue emission intensity
14

 

 

This is also shown in Figure 13, which is characterized BFPtPZ in Polystyrene (PS) and 

BFPtPZ in Chlorobenzene (CB) at 31℃ and 46℃. Only few spectral changes were observed 

upon the change of temperature, because PS and CB remain in the solid and liquid phases, 

respectively. It means that phase change is the key factor of dual emission change. Since the 

solid-liquid phase change process is temperature dependent, butterfly-like platinum complexes 

could act as indirect luminescent thermometer.  

 

 

Figure 13.Emssion spectra of BFPtPZ in PS and CB at 31°C and 49°C.
14
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CHAPTER 2 

 

EXPERIMENTAL PART 

 

2.1 Material 

 

2.1.1 Phosphorescent Platinum (II) Binuclear Complexes 

 

Phosphorescent platinum (II) binuclear complexes can be also called butterfly-like platinum 

(II) complexes, due to the structure like a butterfly. Two kinds of phosphorescent platinum (II) 

binuclear complexes, BppyPtPZDMe and BFPtPZ are used in this study. These two complexes 

have the general structure: [�^���(� − ��′)!���^�], C^N=2-(2,4-difluorophenyl)pyridine, 

pz’=pyrazolate. C^N is a cyclometalating ligand, which can be regarded as butterfly wing. 

Pyrazolated bridge can be regarded as butterfly body. 

 

Let’s discuss about BppyPtPZDMe firstly. The structure of BppyPtPZDMe is shown in 

Figure 14. 

 

 

Figure 14.Molecule structure of BppyPtPZDMe 

 

My collaborator Chenkun Zhou synthesized BppyPtPZDMe. The reaction procedure 

scheme is shown in Figure 15. The cyclometalating ligand of BppyPtPZDMe is 2-phenylpyridine, 

also called ppy. It was purchased from Sigma Aldrich. The Pt(II) �-dichloro-bridged dimers 

N

Pt

N

Pt
N N

N N
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(C^N)Pt(� − Cl)!Pt(C^N) were prepared by a modified method of Lewis.
16

 This involves 

heating the K2PtCl4 salt with 2-2.5 equivalent of cyclometalating ligand ppy in a 3:1 mixture of 

2-ethoxyethanol and water to 80
0
C for 24 hours. The dinuclear complexes BppyPtPZDMe were 

prepared by reacting (C^N)Pt(� − Cl)!Pt(C^N) with 3,5-dimethylpyrazole in the ratio of 1:2 in 

refluxing dichloromethane (DCM) for 48 hours in presence of NaOMe as an appropriate base. It 

was purified by flash chromatography using dichloromethane. 
17

 

 

Then, the products were recrystallized from dichloromethane/ methanol. All procedures 

involving Platinum species were carried out in inert gas atmosphere despite the air stability of 

the complexes, the main concern being the oxidative and thermal stability of intermediates 

during the reactions. Except to ppy, (C^N)Pt(� − Cl)!Pt(C^N)  and BppyPtPZDMe, all other 

chemicals and solvents used in our study were purchased from Sigma Aldrich and used as 

received. 

 

 

Figure 15. Synthesis process of BppyPtPZDMe 

 

The characterization of BppyPtPZDMe can be shown by 
1 
H NMR spectrum in Figure 16. 

The solid was isolated as a mixture of cis and trans isomers. The trans form was the major 

product. 
1
H NMR (500MHz, CD2Cl2), ppm: 8.45 cis and 8.38 trans (m, 2H total), 7.70 (td, 

J=8.0Hz, 1.5Hz, 2H), 7.58 (d, J=8.0Hz, 2H), 7.41-7.39 (m, 2H), 7.07-6.91 (m, 8H), 6.05 cis, 6.01 

trans and 5.97 cis (t, 2H total), 2.62-2.26 (m, 2H) 

 

The absorption spectrum was measured using a Cary 5000 UV-Vis-NIR spectrometer. The 

absorption of BppyPtPZDMe in dichlorometane (DCM) at room temperature is shown in Figure 

17. The lowest structured absorption at 462nm can be assigned to the spin-forbidden metal-to-

ligand charge transfer (MLCT) transition. 

 

N K2PtCl4

80C, 24hr
2-ethoxyethanol:water(3:1)

N N

Pt Pt

Cl

Cl

N N

Pt Pt

N N

NN
NaOCH3
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Figure 16.
 1 

H NMR spectrum of BppyPtPZDMe 

 

 

Figure 17.Absorption spectrum of BppyPtPZDMe in DCM at room temperature 
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The emission spectra were recorded in a Varian Cary Eclipse fluorescence 

spectrophotometer. Samples were excited at 380 nm using the xenon flash lamp. The emission 

spectrum of BppyPtPZDMe in DCM (10
-4

 M) and BppyPtPZDMe in solid PS (10
-4

M) are shown 

in Figure 18.  

 

In solid state, there is just green emission between 475nm and 525nm. This emission is 

separated to two different peaks. In the solution, there are both green emission and red emission 

at about 610nm. 

 

 

Figure 18.Emission spectra of BppyPtPZDMe in solid (PS) and liquid (DCM) state 

 

Our group has published the result of BFPtPZ in 2014 by Han. M, the details about 

synthesis and characterization can be found in the support information.
14

I will not discuss it in 

this thesis. However, the weakness of BFPtPZ is low quantum yield, which is 40%. 

BppyPtPZDMe has higher quantum yield of 50%. This is one reason why I choose 

phosphorescent platinum (II) complexes BppyPtPZDMe as our molecule probe to make 

temperature and viscosity sensor. 
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2.1.2 Viscosity Measurement of Solvents from Dodecane to Octadecane 

 

The solvents, which are selected in my study, are n-alkanes from Dodecane to Octadecane. 

The solvents using as viscosity sensor should attach some requirements. Firstly, the solvents can 

dissolve our platinum complexes. Transition metal complexes such as Ir, Pt can be soluble in n-

alkane, which has been used as catalyst for aromatization or dehydrocyclization of n-alkanes to 

synthesis of alkyl aromatic compounds. 
18

A small amount of BppyPtPZDMe and BFPtPZ (10-

4M) can be dissolved in n-alkane. The solubility of platinum complexes is better when alkyl 

chain is longer. 

 

Secondly, the viscosity should have an apparent change with temperature. There is an 

exponential model for the temperature-dependence of shear viscosity (�), which was first 

proposed by Reynolds in 1886.
19

 

 

�(�) = �!exp (−��) 

Where T is temperature and �! and � are coefficients.  

 

Table 1. Measured Visocsity of n-alkane Vesus P and T 

T (
o
C) Number of Carbon Atoms 

 10 12 14 15 16 18 

20 0.924 1.50 2.33    

40 0.696 1.07 1.60 1.95 2.23 3.10 

60 0.546 0.81 1.15 1.36 1.56 2.10 

80 0.441 0.634 0.878 1.02 1.16 1.51 

100 0.363 0.510 0.692 0.785 0.896 1.14 

 

Temperature dependence of the viscosity of some of n-alkanes, measuring by using a falling 

body viscometer, has been reported.
20
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We can know that increasing the temperature, the viscosity of n-alkane will be decreased. 

As the number of carbon is increasing, the viscosity of n-alkane will be increased. Also, as the 

number of carbon is increasing, the change of viscosity will be greater at the same range of 

temperature. The changes are apparent. For example, at the temperature range from 20
o
C to 40

o
C, 

the viscosity change of Dodecane is about 0.4 cP and the viscosity change of Cetane is about 1 

cP. 

 

Thirdly, to reduce the effect of solvent, the structures of the series of solvents should be 

similar. For those reasons, we choose n-alkane from Dodecane to Octadecane as the solvents of 

sensors. All these n-alkane were purchased from Sigma Aldrich. The melting points of these n-

alkanes are shown in Table 2.  

 

Table 2.Melting point of n-alkane from Dodecane to Octadecane 

N－alkane Dodecane Tridecane Tetradecane 

Melting point -9.6
 o
C -6

o
C~-4

 o
C 5.5

 o
C 

 

N-alkane Pentadecane Hexadecane Heptadecane Octadecane 

Melting Point 8-10
0
C 18

0
C 20-22

0
C 26-29

0
C 

 

Octadecane is selected as the solvent of phase-change sensor. The melting point is 25
o
C. 

Heptadecane is selected as the solvent of indirect temperature sensor. The series of n-alkane is 

selected as the solvents of viscosity sensor in room temperature. The result will be shown in 

Result and Discussion part. 

 

2.1.3 Sample Preparation Procedure 

 

Our molecules can be dissolved in Dichloromethane (DCM), and the solubility is very good. 

There are two kinds of samples I should prepare, when I characterize the photo-properties, such 

as absorption and emission. One is dissolving BFPtPZ (10
-4

mmol, 0.0009g) or BppyPtPZDMe 

(10
-4

 mmol, 0.0009g) into 1mL DCM with the concentration is 10
-4

M. The sample is used to 

measure the photo-properties in solution. The other is in solid state, and Polystyrene (PS) is used 
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as solid matrix. The melting point is 240
o
C. For example, the 10

-4 
M of BppyPtPZDMe in PS 

was prepared by adding a BppyPtPZDMe DCM solution into 2ml PS (Mn: 1200, d: 1.05g/ml). 

Then, the mixture was heated at 150
o
C for overnight to vapor DCM, leaving BppyPtPZDMe 

dissolved in PS uniformly. 

 

For the temperature and viscosity sensor I designed, butterfly-like molecules will dissolve 

in n-alkane (the purities are about 90%. However, the solubility of butterfly-like molecules in n-

alkane is poor and the viscosity of alkane is a little bit high. In order to make molecules 

dispersed well in solution, I firstly dissolved our molecule in DCM with pre-calculating amount, 

and then add it into 2ml n-alkane solution. The molecule weight and density is shown in Table 3. 

Then, the mixture was heated at 50
o
C with fast stirring for 2 hours. At that time,the cap of 

sample well is closed to make a good dispersed solution. Then open the cap and heating the 

mixture at 50
o
C with stirring for overnight. It results making a uniform solution by vaporing 

DCM totally. 

 

Table 3.Molecule mass and density of n-alkane from Dodecane to Octadecane 

N－alkane Dodecane Tridecane Tetradecane 

Molecule Mass(g/mol) 170.33 184.36 198.39 

Density (kg/m
3
) 750 756 764.5 

 

N-alkane Pentadecane Hexadecane Heptadecane Octadecane 

Molecule Mass(g/mol) 212.42 226.45 240.48 254.49 

Density(kg/m
3
) 769 770 777 777 

 

2.2 Characterization Technology 

 

2.2.1 Ultraviolet-Visible Spectroscopy 

 

Ultraviolet-Visible spectroscopy (UV-Vis) is defined as absorption spectroscopy in the 

ultraviolet and visible spectral region (200nm~800nm). 
21

The electronmagnetic radiation 

wavelengths for ultraviolet (UV), visible (vis) and near infrared (NIR) are shown in Table 4.  



 23 

Table 4.Wavelength of Ultraviolet, visible and near infrared light 

Region Ultraviolet (UV) Visible (Vis) Near Infrared (NIR) 

Wavelength (nm) 300~400 400~780 780~3000 

 

When light passes through a substance, some light can be absorbed and others will transmit 

the substance. Absorption spectrum can measure the absorbance (A) with different wavelength, 

which relies on material structure. 
21

Thus, absorption spectrum has two kinds of applications. It 

can identify the structure. It can also be used to make quantitative analysis, because the intensity 

of absorption spectra is a function of concentration of the substance.  

 

The amount of light absorbed can be described as the difference between the incident 

radiation (�!) and the transmitted radiation (�). It is shown in Figure 19. 

 

 

Figure 19. Structure of Ultraviolet-Visible Spectroscopy 

 

Usually, absorbance is used for representing the extension of absorption. UV-Vis absorption 

spectrometer demonstrates absorption intensity with different wavelength by measuring the 

incident radiation (�!) and the transmitted radiation (�). 
22

Transmittance (T) is described as 

 

� = �
�!
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Absorbance is defined as  

 

� = −���� = −log (� �!) 

When some incident light absorbed by substrate, transmitted radiation(�) will decrease and 

absorbance (�) will increase in the range of positive. If incident light totally goes through the 

reference sample, No absorption occurs. At that time, � is equal to �! and � is zero.  

 

Absorbance can be corresponded with concentration of the substance, according to the 

Beer-Lambert Law: 

 

� = ��� 

Where � is molar absorptivity (liter/mole/cm) 

  � is the cell path length (liter), which shown in Figure 20 

  � is the concentration of the substrate (mole/liter) 

 

 

Figure 20. Diagram for Beer-Lambert Law 

 

The absorbance will depended on electronic transition. The total energy of a molecule 

includes its electronic, including vibrational energy and rotational energy.  

 

�!"!#$ = �!"!#$%&'(# + �!"#$%&"'(%) + �!"#$#%"&$' 
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Energy absorbed in the UV region produces changes in the electronic molecular energy. 

After a molecule absorbs energy, an electron will be excited from an occupied molecular orbital 

(a non-bonding n or bonding � orbital) to an unoccupied molecule orbital (an antibonding π∗or 

σ
∗ orbital) with greater potential energy. It is shown in Figure 21. 

 

Figure 21. Electronic molecule energy change after absorbing energy in the UV region 

 

For most molecules, the lowest-energy occupied molecular orbitals (LOMO) present σ 

orbitals, which means correspond to σ bonds. The π orbitals are usually at higher energy levels 

than σ orbitals and the non-bonding orbitals with unshared pairs of electrons are at even higher 

energies. The antibonding orbitals (corresponded with �∗and �∗) are highest energy orbitals.  

 

Different transitions require different amount of energy. Corresponding to the transitions 

from different electronic levels, an ultraviolet or visible spectrum of a compound consists one or 

more peaks. Remind that, each electronic state in a molecule is corresponded with many 

vibrational and rotational states. 

 

Most commonly, the transition is from the highest occupied molecular orbital (HOMO) to 

the lowest unoccupied molecular orbital (LUMO). But in many cases, several transitions can 
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occur by several absorption bands in the spectrum. I will talk about the influence of the 

conjugation more, due to butterfly-like molecule forming dimer from monomer like conjugation. 

 

Conjugated dienes will be as an example to discuss. In conjugated dienes, Combining the 

� − �
∗ orbitals of the two alkene groups, new orbitals- two bonding orbitals are formed as �! 

and �! and two antibonding orbitals are formed as �!
∗ and �!

∗. 
23

It is shown in Figure 22. It is 

shown that a new � − �∗ transition of low energy difference appears due to conjugation. As a 

result, conjugated dienes can absorb at relatively longer wavelength than isolated alkenes. 

 

 

Figure 22.Effect of conjugation on orbitals’ energy and respective π-π* transition 

 

Conjugate double bond of diene decreases the energy difference between HOMO and 

LUMO. 
24

The conjugation has been reported not only lead to in bathochromic shift to longer 

wavelength, but also improve the absorption intensity. Increasing the number of conjugated 

double bonds, the energy gap between highest occupied molecular orbital(HOMO) and lowest 

unoccupied molecular orbital(LUMO) will become lower. It is shown in Figure 23 by measuring 

ethylene, 1,3-butadiene and 1,3,5-hexatiene.
25

 The structure of these three materials have been  

shown in Table 5. 
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Table 5.The structure of ethylene, 1,3-Butadiene, and 1.3.5-Hexatiene 

Material Structure 

Ethylene ��! = ��! 

1,3-Butadiene ��! = �� − �� − ��! 

1,3,5-Hexatiene ��! = �� − �� = �� − �� = ��! 

 

 

 

Figure 23.HOMO and LUMO gap difference change about Ethene,Buta-1,3-diene and Hexa-

1,3,5-thiene 

 

In my experiment, I use Cary 5000 UV-Vis-NIR spectrometer to measure the absorption of 

molecules. It is shown in Figure 24. The Cary 5000 is a typical dual-beam spectrophotometer 

with a small integrating sphere.  

 

 

Figure 24.UV-VIS-NIR Spectrophotometer Cary 5000 
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Double-beam spectrophotometers are used to reduce the effects of spectral and temporal 

variations of intensity. In the double-beam spectrophotometer, the illuminating beam is separated 

as two beams of equal intensity. One is as a reference channel and the other is formed as the 

sample channel. Two similar detectors (D1 and D2) will investigate the outgoing intensities �! 

and �, respectively. It is shown in Figure 25. 

 

 

Figure 25.Schematic diagram of a double-beam spectrophotometer 

 

In fact, both the reference and sample beam can be interrupted by the temporal intensity 

variations of the inlet beam in the same manner. But, these effects will be minimized in 

normalized absorption spectrum. The two detectors have usual non-exact equal spectral 

responses to induce an error. To eliminate the problem, fast rotating mirrors have been designed, 

in order that the intensity �! and � can attach to the same detector. 

 

2.2.2 Fluorescence Spectrophotometer With Temperature Control System 

 

I used fluorescence spectrophotometer to measure the photoluminescence (PL) emission of 

the butterfly-like molecules. Focusing on the principle of fluorescence spectrophotometer, let’s 

talk about fluorescence firstly. 
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Fluorescence is the spontaneous emission of radiation following absorption of one or more 

photons by certain molecules called fluorophores. 
26

The photophysical processes of fluorescence 

can be described well in a Perrin-Jablonski diagram. It is shown in Figure 26. 

 

Figure 26.Perrin-Jablonski diagram
24

 

 

There are three electronic states (�!, �!, �!) vertically arranged by energy. �! is presented 

as the ground state, and �! and �! are electronically excited states. Many vibrational and 

rational energy levels exist at each of these electronic energy levels. The energy difference 

between rotational levels is much smaller, comparing with the difference between the vibrational 

levels. Therefore, the energy differences between rotational levels are not shown in this diagram. 

After a molecule absorbs a photon, it could be excited to a higher electronic, vibrational and 

rotational state.  

 

Most of the flurophores in the excited state can relax to the lowest vibrational level of �! 

within picoseconds. From S1 excited state, the excited molecule can come back to the ground 



 30 

state �! with some approaches, either by emitting a photon as radiative process or by other 

radiationless processes (such as interaction with solvent molecules, quenching by solutes, or 

excited state reactions). The energy will loss in the excited state (noradiative relaxation), so that 

the emission spectrum is shifted to longer wavelengths. The phenomenon is called Stokes Shift. 

 

The samples are excited with a Xenon lamp. The wavelength of beam must be selected not 

to cause sample decomposition. Emitted light is directly focusing by lenses and analyzed for 

monochromator. The signal will be probed by photo-sensor connected to computer. A typical 

experimental arrangement to measure photoluminescence spectra is shown in Figure 27. 

 

 

Figure 27.A typical experimental arrangement to measure photoluminescence spectra 

 

From this process, two kinds of spectra can be achieved, which is emission and excitation 

spectra. As for emission spectrum, the excitation is at fixed wavelength and the emission 

intensity is measured at different wavelengths positions. As for an excitation spectrum, the 

emission nomochromator is fixed at any emission wavelength and the excitation wavelength 

could be scanned in a certain range.  

 

In my study, the photoluminescence spectra (emission spectra) were measured using Varian 

Cary Eclipse fluorescence spectrophotometer, which is shown in Figure 28. The instrument 

consists of a high intensity Xenon flash lamp, pulsed at 80 Hz as light source, Czerny-Turner 

monochromators (excitation and emission), a sample chamber, selectable slits/filters, and a 

photomultiplier tube (R928) as detector. 
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Figure 28. Photo imagine of Cary Eclipse fluorescence spectrophotometer 

 

 

2.2.3 Rotational Rheometer 

 

Viscosity has been carried out in my experiment using an advanced stress/ strain controlled 

rheometer, which is Malvern Gemini 150 Constant Stress Rheometer. It equipped with a cone-

plate geometry (40 mm of diameter, 4
o
 cone angle, and 1 mm gap). For all the viscosity tests, the 

temperature can be fixed and desired by means of a Peltier device. All samples were keep in 

equilibrium at the measuring temperature for 5-10 min before test started. The capabilities of the 

rheometer include: (a). Good control on sample temperature (b). Allows wide shear-rate range 

(>10 orders of magnitude) (c). Provides high accuracy and resolution (d) supports both 

controlled stress and controlled rate mode. 

 

The measurement of the viscosity of liquid requires the definition of parameters involving 

in flow. 
27

The basic law of rheometer describing the flow behaviors of an ideal liquid: 

 

� = � ∙ � 

Where � is shear stress 

      � is dynamic viscosity (cP) 
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      � is shear rate 

The parallel-plate model is used to define shear stress and shear rate, which is shown in 

Figure 29.  

 

 
Figure 29.Flow between two parallel plates 

 

Shear stress is defined as the stress with a material cross section, whose formula is shown in 

below. 

 

� =
�

�
 

Where F is the force applied 

      A is the cross-sectional area 

The shear stress � will lead to the liquid to flow in a special pattern. Shear rate can be 

mathematically defined as the differential of flow speed. 

 

� =
��

��
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Where � is flow speed  

      � is vertical distance of flow 

The correlation between shear stress and shear rate will record the flow behavior of a liquid, 

which can be graphical displayed. Flow curve is shown in Figure 30. The viscosity is assumed to 

be independent of � as a constant. 

 

 

Figure 30. Flow curve of a Newtonian liquid 

 

Figure 31 shows the total rheometer system. It includes the rheometer and the supporting 

peripheral equipment. The main peripheral equipment includes four units: compressed air supply, 

Peltier temperature control unit, cooling system and the computer unit. The compressed air is for 

the air bearing operation, making friction-less measurements and also supports the force of the 

movement of the measuring plates. The Peltier temperature control unit can control the 

temperature of the tested samples with water-cooling system. The computer unit can analyst the 
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output data in a graphical user interface, also control and monitor the rheometer operation using 

provided software. 

 

 

Figure 31. The Rhometer measuring system 
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CHAPTER 3 

 

RESULTS AND DISCUSSION 

 

3.1 Phase-Change Sensor 

 

At first, we found that our butterfly-like Platinum (II) complexes are frozen preventing the 

photoinduced structure change in solid state, which lead to a green/blue emission. However, 

when they are in solution, the molecule can undergo photoinduced structural change, allowing 

for dual emission (both green/blue emission and red emission) upon photo-excitation. According 

to this environment-dependent luminescence, our butterfly-like molecular can have an 

application as solid-liquid phase change sensor. 

 

Then, we want to know that whether our molecules can undergo the changes of 

luminescence emission during the phase change process of matrix material. I have used 

Octadecane, as the phase-change system to demonstrate the capability of sensing. I measure the 

emission spectra of BppyPtPZDMe in Octadecane at different temperature from 60
0
C to 10

0
C, 

which was excited at 380nm. It is shown in Figure 32. 

 

 

Figure 32. Emission spectra of BppyPtPZDMe in Octadecane at different temperature 
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The melting point of Octadecane is 26-29
o
C. The freezing point of Octadecane should be 

the same as the melting point. However, the addition of our molecule leads to a lower melting 

point of our sample compared with pure Octadecane, which is about 20
o
C. There is a decrease in 

the emission relative intensity between 550-700nm as the freezing process of Octadecane. From 

60
o
C to 30

o
C, Octadecane is in a liquid state. There are just little changes of red emissions. From 

30
o
C to 20

o
C, Octadecane started freezing, which results the large changes of red emissions 

between 550-700nm. After 20
o
C, Octadecane becomes solid crystal completely, which leads to 

green/blue emission only. 

 

There are some interrupted effective factors in our study, such as the bulky matrix optical 

properties and dye concentration, which will cause erroneous reading of emission intensities. In 

order to reduce these factors, we consider our phase change sensor is self-referenced and 

ratiometric. The intensity of green/blue emission can be regarded as the reference. At that 

condition, the ratio of the peaks in red emission and green/blue emission will have a correlation 

with temperature, as seen below in Figure 33.  

 

Figure 33.Ratio of red/green emission with temperature from 10°C to 60°C about 

BppyPtPZDMe in Octadecane 
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However, solid Octadecane will have scattering peak at 480nm and 520nm, which is near 

the emission wavelength of our sample. It is shown in Figure 34. It will have an intensive effect 

on the emission intensity of our sample at about 470nm. Also, I cannot get a transparent crystal 

of solid Octadecane, even if I decrease the temperature by small steps. It makes a barrier to let 

inlet light get through our sample. What’s more, phase transfer needs time. In other words, 

thermometer with phase transfer has a disadvantage that it will be slow to get the precise 

temperature data. For those reasons, I will design the ratiometric thermometer just in liquid state 

to reduce the effect of phase transfer. 

 

 

Figure 34.Emission spectra of pure Octadecane in room temperature 

 

Figure 35 shows that reversibility of the phase change sensing, by monitoring the ratios of 

emission intensities at 20
0
C and 30

0
C for 10-fold leaps. It can prove the cyclic stability of our 

butterfly-like molecular can be repeatedly used. No hysteresis exists during a cycle of heating 

process and cooling process. The declining signal will not occur during multiple-run tests, as 

long as it was sealed well to get rid of air. 
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Figure 35.Mutiple-run eversibility experiments of the luminescence responses of BppyPtPZDMe 

to temperature variation in Octadecane 

 

3.2 Ratiometric Temperature Sensor 

 

As Chapter 3.1 shown, I have demonstrated solid-liquid phase change sensor by measuring 

the ratio of dual emissions intensities with temperature change in the process of phase change. In 

our knowledge, solid-liquid change process is temperature dependent. Avoiding the effect of 

phase change process, first let’s just focus on liquid state of BppyPtPZDMe in Octadecane from 

60
o
C to 30

o
C. The emission ratio could have a nearly linear correlation with temperature. It is 

shown in Figure 36. Our butterfly-like molecules could actually act as a luminescent 

thermometer. Due to the unique properties of dual emissions, it should enable a self-referenced 

ratiometric thermometer by referencing the intensity of green/blue emission.  
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Figure 36.Ratio of red and green emission with temperature change from 30°C to 60°C for 

BppyPtPZDMe in Octadecane 

 

Then, I demonstrated BppyPtPZDMe in a different solvent Heptadecane from 60
 o
C to 25

 

o
C. It is shown in Figure 37. After the green/blue emission normalized, the intensity of red 

emission can represent the ratio of dual emissions. It also can prove that the ratio of red and 

green emissions intensity increases when temperature is increasing.  

 

 

Figure 37.Emission spetra of BppyPtPZDMe in Heptadecane at the temperature from 25°C to 

60°C 
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The Figure 38 also shows the nearly linear correlation between the ratio and temperature. It 

seems like a linear equation: 

 

Ratio (red/green)=0.014T+1.656 (R=0.985) 

Where T represents temperature and the standard deviation is 0.985. 

 

Figure 38. A linear fitting for the correlation between ratio (red/green) and temperature for 

BppyPtPZDMe in Heptadecane  

 

There are some parameters to describe the performance of a temperature sensor. I will 

evaluate our thermometer using these parameters. Sensitivity is the slope of the signal change 

with temperature, which is 0.01. Resolution is the minimal detectable signal change, which 

should be 1
o
C by now. The dynamic range indicates the range between the lowest and highest 

detectable temperature, which should be 25
o
C to 60

o
C. The accuracy means the degree of 

accordance between measured values to true values. The precision describes the great 

reproducibility of the measurement, which has been shown in Chapter 3.1. Above all, this kind 

of platinum (II) dinuclear complexes can be used to make a good thermometer in specific field. 
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A series of platinum complexes can be used as this kind of temperature sensor because the 

principle of dual emission is the same. I will prove it by using another molecule BFPtPZ as 

temperature probe. The emission spectrum of BFPtPZ in Heptadecane with different temperature 

is shown in Figure 39. It seems similar, as BppyPtPZDMe. The dual emission of BFPtPZ is blue 

emission at 462nm and red emission at 620nm. The ratio of red and blue emissions will be 

increasing when the temperature increases. 

 

 

Figure 39.Emission spectra of BFPtPZ in Heptadecane from 25°C to 55°C 

 

As shown in Figure 40, it is also have a linear correlation between dual emission intensity 

ratio and temperature. After linear fitting, the approximation equation should be like: 

 

Ratio (Red/Blue)=0.01T+2.245 (R=0.962) 

Where T represents temperature and the standard deviation equal to 0.962 

 

As for the thermometers by these two molecules (BppyPtPZDMe and BFPtPZ), I will 

evaluate the performances according to some parameters have been described above. The 
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sensitivity of BppyPtPZDMe is 0.014 and the sensitivity of BFPtPZ is 0.01. That means 

BppyPtPZ can get a little bit more sensitive signal with temperature than BFPtPZ. For other 

parameters, such as resolution, precision, accuracy and dynamic ranges), they are almost the 

same. It means that both BppyPtPZDMe and BFPtPZ can be used as good thermometer. 

Comparing with each other, BppyPtPZDMe is a better temperature sensor due to higher quantum 

yield. 

 

 

Figure 40.A linear fitting for the correlation between ratio (red/blue emission) and temperature 

for BFPtPZ in Heptadecane 

 

Comparing the performances between BppyPtPZDMe in Octadecane and BppyPtPZDMe in 

Heptadecane, which is shown in Figure 41. The slopes seem to be similar. However, I found that 

the data is not exactly same when it is in the same temperature, which means there will be some 

other factors affecting the ratio of dual emissions. I have predicted and confirmed that the factor 

is viscosity. One of the reasons is that viscosity of n-alkane such as Octadecane and Heptadecane 

is highly temperature-depended. It will be discussed Chapter 3.3. 
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Figure 41.Comparation about the dual emission ratio with temperature for different molecule 

butterflies BFPtPZ and BppyPtPZDMe. 

 

3.3 Viscosity Sensor 

 

We have demonstrated the relationship between ratio of dual emissions and temperature in 

Chapter 3.2. The viscosity of n-alkane such as Octadecane and Heptadecane is highly 

temperature-depended. In fact, phase change process can be considered as the process of 

viscosity change. When it is in solution, the viscosity is a number according to its fluidity. When 

it is in solid state, it is no fluidity, which means the viscosity is nearly zero. The process from 

solid to liquid with temperature change seems like a process that viscosity will change greatly 

from zero to a certain number. Even when it is just in liquid state, as for n-alkane, viscosity will 

increase as temperature decreasing. I predicted that the factor of ratio of dual emissions might be 

viscosity except temperature. The thermometer I just have achieved may be an undirected 
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thermometer. In fact, viscosity change leads to the change of dual emission ratio. Temperature is 

just an approach to make viscosity change. 

 

The emission spectrums of n-alkanes are shown in Figure 42. It will remain some amount of 

emission in the wavelength between 460 to 500 nm. When I measured the emission of our 

samples later, I removed the background emission effect. 

 

 

Figure 42.Emission spectra of pure n-alkane from Dodecane to Octadecane 

 

I have measured the viscosity of BppyPtPZDMe in Heptadecane using viscometer in Dr. 

Rama’s lab. It is confirmed that as temperature increasing, viscosity will decrease, which is 

shown in Figure 43. The experimental data is a little lower than the paper data, because Adding 

platinum complexes will decrease the sample purity compared with pure n-alkane studied in 

paper. 
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Figure 43.Experimental data and paper data for viscosity of BppyPtPZDMe in Heptadecane with 

different temperature 

 

Assuming that viscosity is the factor of the change of dual emission ratio, I can describe a 

function between dual emission ratio and viscosity. It is shown in Figure 44. It seems like a 

linear correlation. The linear fitting equation is like: 

 

Ratio (Red/Green)=-0.417�+3.10798 

Where � is viscosity with the unit is cst. The equation variance is 0.97843. 

 

Figure 44.Linear fitting about the correlation between ratio (red/green emission) and viscosity 

for BppyPtPZDMe in Heptadecane with different temperature 
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The sample, BFPtPZ in Heptadecane, can also prove the relationship between dual emission 

intensity ratio and viscosity from 25
o
C to 55

o
C. Due to the same concentration and same 

preparation method, the viscosity should be like similar as BppyPtPZDMe in Heptadecane. I 

choose to use the viscosity data for BppyPtPZDMe in Heptadecane to measure the new sample. 

It is shown in Figure 45.  

 

According to Figure 46, the linear fitting function should be like: 

 

Ratio (Red/Green)=-0.28265�+3.26026 (�! = 0.86197) 

I am not sure that temperature may affect the ratio. Therefore, there is another experiment 

for removing the temperature effect will be designed, by using a series of n-alkane as matrix 

measuring at room temperature. 

 

 

Figure 45.Experimental data and paper data for viscosity of BppyPtPZDMe in n-alkane with 

carbon number in room temperature 

 



 47 

 

Figure 46.Linear fitting about the correlation between ratio (red/blue emission) and viscosity for 

BFPtPZ in Heptadecane with different temperature. 

 

I made a series of samples, dissolving BppyPtPZDMe in different n-alkane solvents at room 

temperature 25
o
C, such as Tridecane, Tetradecane, Pentadecane, Hexadecane, Heptadecane. As 

Figure 47and Figure 48 shown, as carbon chain of n-alknane getting longer, the relative emission 

intensity of red emission will be decreased. 

 

,  

Figure 47.Emission spectra of BppyPtPZDMe in different n-alkane matrix from Tridecane to 

Heptadecane at room temperature 
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In this situation, I considered green emission as a reference. In other words, the ratio of 

red/green emissions intensity will decrease when carbon number of n-alkane is increasing. In our 

knowledge, viscosity will be increasing as carbon chain length of n-alkane becomes longer. In 

order to measure the relationship between dual emission ratio and viscosity reducing the effect of 

temperature, we measure that viscosity change in different matrix of n-alkane. 

 

 

Figure 48.Ratio of red/ green emission with carbon number for BppyPtPZDMe in different n-

alkane matrix from Tridecane to Heptadecane 

 

I measured the viscosity of this series of samples at room temperature using viscometer, and 

it can prove that as carbon number of alkane is increasing, viscosity will become decrease. It is 

shown in Figure 49. The viscosity range is from 1.4cP to 2.35cP from Tridecane to Heptadecane. 

 

The relationship between dual emission intensity ratio and viscosity can be shown as a 

linear fitting equation. The equation seems like: 

 

Ratio (Red/ Green)=-0.20476�+2.51996  (�! = 0.87812) 

Where the variation of equation is 0.87812. It is not fitting as well as temperature dependent 

measure, because different solvent of system will have a little effect on it. 
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Figure 49.Linear fitting for the correlation between ratio(red/green emission) and viscosity for 

BppyPtPZDMe in different n-alkane matrix from Tridecane to Heptadecane 

 

In order to confirm that other molecule of our Platinum dinuclear complexes will have the 

similar behavior as BppyPtPZDMe. I have measured the emission spectra of BFPtPZ in different 

n-alkane matrixes at room temperature. It is shown in Figure 50. The samples preparation 

methods are just similar with previse samples. I dissolved BFPtPZ in Pentadecane, Hexadecane 

and Heptadecane, respectively. BFPtPZ has a weaker solubility in n-alkane, comparing with 

BppyPtPZDMe.  

 

It has been shown that our butterfly-like molecules can have a better solubility, when the 

carbon chain length of n-alkane becomes longer. For these reasons, my experiments have been 

achieved to show that BFPtPZ can dissolve well only in Pentadecane, Hexadecane and 

Heptadcane. As figure 50 and Figure 51 shown, the ratio of red and blue emissions will be 

decreasing when carbon number of n-alkane increases. 
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Figure 50.Emission spectra of BFPtPZ in different n-alkane matrix from Pentadecane to 

Heptadecane at room temperature 

 

 

Figure 51.Ratio(red/ green emission) with carbon number for BFPtPZ in different n-alkane 

matrix from Pentadecane to Heptadecane at room temperature 
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For these samples, I used the same viscosity of BppyPtPZDMe in Pendecane, Hexadecane 

and Heptadecane. It is because they have the similar sample preparation method and same n-

alkane matrixes about Pentadecane, Hexadecane and Heptadcane.  

 

The relationship between ratio of red and blue emissions and carbon number is shown in 

Figure 52. The viscosity will be decreasing, when carbon number of n-alkane matrix increases.  

 

Figure 52.Viscosity change with carbon number for BFPtPZ in different n-alkane matrix from 

Pentadecane to Heptadecane at room temperature 

 

Then, I demonstrated the correlation equation between ratio of red and blue emissions and 

viscosity. The linear fitting equation is shown in Figure 53. The equation seems as: 

Ratio (Red/ Blue)=-0.48905�+4.22813 (�! = 0.83756) 

Also, the equation variation is 0.83756, which is a little bit low. There may exist a little effect 

due to different solvents of our samples.  

 



 52 

 

Figure 53.Linear fitting for the correlation between ratio (red/ blue) and viscosity for BFPtPZ in 

different n-alkane matrix from Pentadecane to Heptadecane at room temperature 

 

Now, we have designed two approaches to measure the relationship between dual emissions 

intensity ratio and viscosity. I compared the results of two approaches. Let’s discuss about 

BFPtPZ firstly. Both approaches, either temperature dependent or carbon number dependent, can 

prove that the ratio of red and blue emissions will be decreasing when viscosity increase. As  

Figure 54 shown, the two curves do not match with each other. It seems like the slope of carbon 

number dependent curve is greater than temperature dependent curve. For example, the dual 

emission ratio of the sample at 25
o
C is 2.81 and the dual emission ratio of the sample at 31

o
C is 

2.59, when viscosity remains to be 3.1 cst. It may describe that both temperature and viscosity 

may be the effective factors of dual emission ratio. It can be described by detail about proposed 

mechanism on Chapter 3.4.  
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Figure 54.Comparation about the ratio (red/blue emission) with viscosity, between temperature 

change and carbon number change for BFPtPZ 

 

 

Figure 55. Comparation about the ratio (red/blue emission) with viscosity, between temperature 

change and carbon number change for BppyPtPZDMe 
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3.4 Proposed Mechanism 

 

Changing the molecular structure can control photoinduced structural change and dual 

emission. A series of butterfly-like phosphorescent platinum binuclear complexes has been 

reported, which are shown in Figure 56. They can undergo well-controlled PSC via Pt-Pt 

distance shortening and exhibit tunable dual emission of greenish-blue and red in the steady state. 

In other words, a library of molecular butterflies that “flap” wings at different rates while 

emitting tunable greenish-blue and red lights simultaneously.
28

  

 

 

Figure 56.A chemical structures of pyrazolate bridged platinum binuclear complexes.
28

 

 

By increasing the bulkiness of the cyclometallating ligand through attaching methyl and 

tert-butyl groups to the 2-(2,4-difluorophenyl) pyridine (dfppy) ligand, the red/blue ratio of the 

emission is decreased. To produce dual emission with higher red/blue ratio, we increase the 

bulkiness of the pyrazolate bridge, from simple pyrazole (PZ), to 3-methylpyrazole (PZMe), and 

3,5-dimethylpyrazole (PZDMe). It is shown in Figure 57. Overall, BFPtPZDMe (3) with the 

bulkiest body (PZDMe) and lightest wings (dfppy) flap their wings at the highest rate, emitting 

mostly red color. BF(t-Bu)PtPZ (7) with the lightest body (PZ) and bulkiest wings (tBu-dfppy) 

can barely flap their wings, emitting mostly greenish-blue color. 
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Figure 57.Emission spectra and photo images of molecule butterflies in solid (PS) and liquid 

(DCM) state.
28

 

 

The mechanism is that it can adjust the relative energies of �!,! and  �!,! by controlling 

the bulkiness of pyrazolate ligand and cyclometallating ligand. It could obtain desired energy 

barrier Ea. It is shown in Figure 58. 

 

 

Figure 58.Excited state of dynamics and potential energy surfaces of the molecule butterflies
28
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The mathematical equation can be shown to suggest a linear correlateon between PSC rate 

and ratio of red/blue emission. 

 

�!"# = (�!/�!)(�!"/�!!)(�!! + �!"!) 

 

Density-functional theory (DFT) is used to study the ground state and first triplet excited 

state potential energy surfaces (PES) for these molecules. It is shown in Figure 59. With 

increasing the bulkiness of pyrazolate ligand, the �!,! states shift to a slightly shorter Pt-Pt 

distance and �!,! states are more stabilized. This is due to the fact that the bulky groups attached 

to the bridging ligand force the two butterfly wings close together. On the other hand, with 

increasing the bulkiness of cyclometallating ligand, �!,! states are nearly no impact and �!,! 

states are more destabilized. It is because cyclometallating ligands are far from each other, which 

results no interaction between bulky groups when the butterfly wings are open. However, when 

butterfly wings are close to each other, �!,! states shift to higher energies with bulkier group 

due to enhanced resistance. 

 

 

Figure 59.Calculated potential energy surfaces of the first triplet excited state versus Pt-Pt 

distance for molecule butterflies.
28
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In Chapter 3.1-3.3, I have achieved to measure the phase change sensor, temperature sensor 

and viscosity sensor by using our butterfly-like molecules as a probe. We can conclude that dual 

emission ratio will be increasing when viscosity decreases or temperature increases. We 

proposed a mechanism theory according to the principle of photoinduced structural change. 

 

In our group, we have demonstrated a theory about photoinduced structural change by 

controlling the ligands of butterfly-like molecules. Based on photoinduced structural change, it 

will be considered as intra-molecule factor. This approach relies on the fine-tuning of the energy 

barrier for the photoinduced structural change on the excited state potential energy surface, based 

on the Bell-Evans-Polanyi principle. 

 

The Bell-Evans-Polanyi principle is an important fundamental principle in chemical 

reaction. It gives a relation between the free energy ∆�! released in a chemical reaction and the 

activation free energy �! for the reaction. The relationship between the activation energy �! 

and the free energy of the reaction ∆�! is shown as: 

 

�! = �! + �!∆�! 

Where �! and �! are constants. The quantitative relation between �! and ∆�! seems as 

linear. 

 

Some groups have extended Bell-Evans-Polanyi principle to molecular dynamics in 2007. 

29
Our group has extended Bell-Evans-Polanyi principle to a series of butterfly-like platinum (II) 

binuclear complexes for studying in molecule dynamic about photoinduced structural change. 

The first triplet excited state PES of our molecular butterflies can be considered as the postion of 

the two parabolic PES of �!,! and �!,!. Thus, a linear correlation between the energy barrier 

�! and the energy difference ∆�! between �!,! and �!,! states is expected due to the Bell-

Evans-Polanyi principle. It is shown in Figure 60.  

 

The correlation between PSC rates �!"#  and the energy barriers �! is described by the 

Arrhenius equation: 
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�!"# = ��
!!!/(!") 

Where  �!"#: the rate of photoinduced structural change 

   �!: the energy barrier for going from �!,! to �!,! 

   A: the pre-exponential factor 

   R: the universal gas constant 

The quatum yield (�!) for greenish-blue emission is  

 

�! = �!" (�!" + �!"# + �!"#) 

The quatum yield (�!) for red emission is 

 

�! = �!"#/(�!" + �!"# + �!"#) [�!!/(�!! + �!"!)] 

Where �!": the radiative decay rate of greenish-blue emission 

  �!"#: the non-radiative decay rate of greenish-blue emission 

  �!!: the radiative decay rate of red emission 

      �!"!: the non-radiative decay rate of red emission 

Then, photoinduced structural change rate is obtained as 

 

�!"# = (�!/�!)(�!"/�!!)(�!! + �!"!) 

It suggests that there is a linear correlation between PSC rate and ratio of red/blue emission. 

Cooperated with Arrhenius equation, the relationship between ratio of red/ blue emission and 

energy barrier is derived as: 

 

�!

�!
= ��

(
!!!

!"
)
 

Where, K is a constant, which should be like 
!

(!!!!!!"!)

!!!

!!"

. There is a linear relationship between 

dual emission ratio and exponential energy barrier �!. Arrhenius phot is shown in Figure 61 for 

red/ blue ratios verus the DFT calculated energy barriers �!. 
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Figure 60.Bell-Evans-Polanyi plots of energy barrier versus the energy difference between �!,! 

and �!,! 
28

 

 

 

Figure 61.Plots of experimental solution luminescence red/blue ratio versus the calculated energy 

barrier (�!)
28
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The bulkiness of the pyrazolate bridging ligand influences on �!,! and �!,! states. With 

increasing of bulkiness of pyrazolate ligand, the �!,! states shift to a slightly shorter Pt-Pt 

distance and �!,! states are more stabilized. It can lead to the decreasing of energy barrier �! 

and a higher PES rate. The ratio of dual emission intensities will be increasing. With increasing 

of bulkiness of cyclometallating ligand, �!,! states are more destabilized. It can lead to the 

increasing of energy barrier �! and a lower PSC rate. The ratio of dual emission intensities will 

be decreasing.  

 

Temperature and viscosity can be considered as extra-molecule factor to photoinduced 

structure change. Considering about Arrhenius equation: 

 

�!"# = ��
!!!/(!") 

When viscosity is increasing, we proposed as �!,! will be increasing, which lead to the 

increasing of energy barrier �!. Thus, PSC rate will become higher and dual emission ratio will 

be increasing. That can be explained as molecule butterfly wings motion. When viscosity of 

matrix is increasing, the resistance of environment should be increasing. At that time, molecule 

butterflies are harder to flap its wings, which cause to form more blue/green emission and less 

red emission. Thus, the dual emission ratio will be decreasing. This is the proposed mechanism 

of viscosity sensor. About phase change, molecule butterflies will be frozen without any flap in 

solid state. PSC rate is nearly zero. It occurs just blue/green emission without red emission. 

When it is in liquid or solution state, molecule butterflies are free to move. There is a high PSC 

rate and dual emission occurs with a high ratio of red and blue/green emission. 

 

For temperature sensor, the principle can also be described like that. When temperature is 

increasing, there are two effects. One is temperature can directly make PSC rate increasing. The 

other is temperature can decrease viscosity of matrix. It can decrease energy barrier �! and 

make PSC rate lower. For those reason, dual emission ratio will increase when temperature is 

increasing. Therefore, the proposed mechanism of temperature sensor has been established. 
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CHAPTER 4 

 

CONCLUSION 

 

We have designed three kinds of luminescent sensors: phase change sensor, temperature 

sensor, and viscosity sensor by using the phosphorescent molecular butterflies based on 

pyrazolate bridged platinum binuclear complexes, such as BppyPtPZDMe and BFPtPZ. Upon 

light excitation, BppyPtpZDMe will emit green and red emission. Meanwhile, BFPtPZ will emit 

blue and red emission. 

 

In the matrix of a series of n-alkanes from Tridecane to Octadecane, I measured that 

relationship between dual emission ratio and environment factors, such as temperature and 

viscosity.  

 

In Octadecane, we have demonstrated that there is blue/green emission in solid state and 

dual emission with additional red emission in liquid state. Focusing on the process of phase 

transfer, with different temperature, dual emission ratio will have a linear correlation with 

temperature in Heptadecane. When temperature increases, dual emission ratio will be increasing. 

New kind of ratiometric temperature sensor should be established. 

 

Temperature can have an influence on viscosity. At room temperature, I measured the 

emission of samples with a series of n-alkane matrixes, which from Tridecane to Heptadecane. 

The dual emission ratio will be decreasing with the increase of carbon number. The reason is 

viscosity will be increasing, with carbon chain length is longer. Also, there is a linear correlation 

between dual emission and viscosity. Therefore, new kind of ratiometric viscosity sensor has 

been designed. 

 

We have demonstrated molecular engineering to achieve precise and wide range control of 

dual emission for both intra-molecule approach and extra-molecular approach. The intra-

molecule approach is controlling the structure of pyrazolate ligand and metallating ligand. The 

extra-molecular approach is controlling the environment of molecule butterflies such as phase, 
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viscosity and temperature. Our approaches both reply on the fine-tuning of the energy barrier for 

the photoinduced structural change on the excited state potential energy surface, based on the 

Bell-Evans-Polanyi principle.  

 

By studying the relationship between dual emission ratio and extra-molecule environment 

factors, such as phase, temperature and viscosity, it can help to understand the fundamental 

excited state dynamics for photoactive molecular systems.  

 

Luminescent environmental-sensitive dyes are known to show high sensitivity and high 

spatial and temporal resolution. There are some excellent advantages for these luminescent 

sensors, such as microscopic scale and short responsive time. Therefore, they will have broad 

applications, furthermore. For example, this kind of temperature sensor can measure the 

plasmonic heating about gold-nanorod, which is underway for my second project. Also, they can 

be used as micro-scale temperature or viscosity mapping technology. Due to the combination of 

cells, they can also applied as intra-cell sensor, which can be used for disease diagnosis and 

pathology study. 
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APPENDIX A 

 

COPYRIGHT PERMISSION LETTER 

 

 

  



 64 

REFERENCES 

 

 

1. Wang, X. D.; Wolfbeis, O. S.; Meier, R. J., Luminescent probes and sensors for temperature. 

Chem Soc Rev 2013, 42 (19), 7834-69. 

 

2. Mou, X.; Wu, Y.; Liu, S.; Shi, M.; Liu, X.; Wang, C.; Sun, S.; Zhao, Q.; Zhou, X.; Huang, 

W., Phosphorescent platinum (ii) complexes containing different β-diketonate ligands: synthesis, 

tunable excited-state properties, and their application in bioimaging. Journal of Materials 

Chemistry 2011, 21 (36), 13951-13962. 

 

3. Karakus, C.; Fischer, L. H.; Schmeding, S.; Hummel, J.; Risch, N.; Schäferling, M.; Holder, 

E., Oxygen and temperature sensitivity of blue to green to yellow light-emitting Pt (II) 

complexes. Dalton Transactions 2012, 41 (32), 9623-9632. 

 

4. Stehr, J.; Lupton, J. M.; Reufer, M.; Raschke, G.; Klar, T. A.; Feldmann, J., Sub‐

Microsecond Molecular Thermometry Using Thermal Spin Flips. Advanced Materials 2004, 16 

(23‐24), 2170-2174. 

 

5. Haidekker, M. A.; Theodorakis, E. A., Molecular rotors--fluorescent biosensors for viscosity 

and flow. Org Biomol Chem 2007, 5 (11), 1669-78. 

 

6. Haidekker, M. A.; Brady, T. P.; Lichlyter, D.; Theodorakis, E. A., A ratiometric fluorescent 

viscosity sensor. Journal of the American Chemical Society 2006, 128 (2), 398-399. 

 

7. Zhou, F.; Shao, J.; Yang, Y.; Zhao, J.; Guo, H.; Li, X.; Ji, S.; Zhang, Z., Molecular rotors as 

fluorescent viscosity sensors: molecular design, polarity sensitivity, dipole moments changes, 

screening solvents, and deactivation channel of the excited states. European Journal of Organic 

Chemistry 2011, 2011 (25), 4773-4787. 

 

8. Haidekker, M. A.; Tsai, A. G.; Brady, T.; Stevens, H. Y.; Frangos, J. A.; Theodorakis, E.; 

Intaglietta, M., A novel approach to blood plasma viscosity measurement using fluorescent 

molecular rotors. American Journal of Physiology-Heart and Circulatory Physiology 2002, 282 

(5), H1609-H1614. 

 

9. Liu, F.; Wu, T.; Cao, J.; Cui, S.; Yang, Z.; Qiang, X.; Sun, S.; Song, F.; Fan, J.; Wang, J.; 

Peng, X., Ratiometric detection of viscosity using a two-photon fluorescent sensor. Chemistry 

2013, 19 (5), 1548-53. 

 

10. Kuimova, M. K.; Botchway, S. W.; Parker, A. W.; Balaz, M.; Collins, H. A.; Anderson, H. 

L.; Suhling, K.; Ogilby, P. R., Imaging intracellular viscosity of a single cell during 

photoinduced cell death. Nat Chem 2009, 1 (1), 69-73. 



 65 

11. Kuimova, M. K.; Yahioglu, G.; Levitt, J. A.; Suhling, K., Molecular rotor measures 

viscosity of live cells via fluorescence lifetime imaging. Journal of the American Chemical 

Society 2008, 130 (21), 6672-6673. 

 

12. Iwamura, M.; Takeuchi, S.; Tahara, T., Real-time observation of the photoinduced structural 

change of bis (2, 9-dimethyl-1, 10-phenanthroline) copper (I) by femtosecond fluorescence 

spectroscopy: A realistic potential curve of the Jahn-Teller distortion. Journal of the American 

Chemical Society 2007, 129 (16), 5248-5256. 

 

13. Iwamura, M.; Takeuchi, S.; Tahara, T., Ultrafast Excited-State Dynamics of Copper (I) 

Complexes. Accounts of chemical research 2015, 48 (3), 782-791. 

 

14. Han, M.; Tian, Y.; Yuan, Z.; Zhu, L.; Ma, B., A phosphorescent molecular "butterfly" that 

undergoes a photoinduced structural change allowing temperature sensing and white emission. 

Angew Chem Int Ed Engl 2014, 53 (41), 10908-12. 

 

15. Ma, B.; Li, J.; Djurovich, P. I.; Yousufuddin, M.; Bau, R.; Thompson, M. E., Synthetic 

Control of Pt⊙⊙⊙ Pt Separation and Photophysics of Binuclear Platinum Complexes. Journal of 

the American Chemical Society 2005, 127 (1), 28-29. 

 

16. Cockburn, B.; Howe, D.; Keating, T.; Johnson, B.; Lewis, J., Reactivity of co-ordinated 

ligands. Part XV. Formation of complexes containing Group V donor atoms and metal–carbon σ-

bonds. Journal of the Chemical Society, Dalton Transactions 1973,  (4), 404-410. 

 

17. Brooks, J.; Babayan, Y.; Lamansky, S.; Djurovich, P. I.; Tsyba, I.; Bau, R.; Thompson, M. 

E., Synthesis and characterization of phosphorescent cyclometalated platinum complexes. 

Inorganic Chemistry 2002, 41 (12), 3055-3066. 

 

18. Goldman, A.; Ahuja, R.; Schinski, W., Aromatization or dehydrocyclization of n-alkanes 

using soluble transition metal complexes. Google Patents: 2012. 

 

19. Tweer, H.; Simmons, J. H.; Macedo, P. B., Application of the environmental relaxation 

model to the temperature dependence of the viscosity. The Journal of Chemical Physics 1971, 54 

(5), 1952-1959. 

 

20. Ducoulombier, D.; Zhou, H.; Boned, C.; Peyrelasse, J.; Saint-Guirons, H.; Xans, P., Pressure 

(1-1000 bars) and temperature (20-100. degree. C) dependence of the viscosity of liquid 

hydrocarbons. The Journal of Physical Chemistry 1986, 90 (8), 1692-1700. 

 

21. Mills, G. D., Ultraviolet/Visible Spectroscopy. 2012. 

 

22. Weckhuysen, B. M., Ultraviolet-visible spectroscopy. In situ Spectroscopy of Catalysts, 

American Scientific Publishers, Stevenson Ranch 2004, 255-270. 

 

23. Valeur, B.; Berberan-Santos, M. N., Molecular fluorescence: principles and applications. 

John Wiley & Sons: 2012. 



 66 

24. Turro, N. J., Modern molecular photochemistry. University Science Books: 1991. 

 

25. Serrano‐Andrés, L.; Merchán, M.; Nebot‐Gil, I.; Lindh, R.; Roos, B. O., Towards an 

accurate molecular orbital theory for excited states: Ethene, butadiene, and hexatriene. The 

Journal of chemical physics 1993, 98 (4), 3151-3162. 

 

26. Lakowicz, J. R., Principles of fluorescence spectroscopy. Springer Science & Business 

Media: 2013. 

 

27. Schramm, G., A practical approach to rheology and rheometry. Haake Karlsruhe: 1994. 

 

28. Zhou, C.; Tian, Y.; Yuan, Z.; Han, M.; Wang, J.; Zhu, L.; Tameh, M. S.; Huang, C.; Ma, B., 

Precise Design of Phosphorescent Molecular Butterflies with Tunable Photoinduced Structural 

Change and Dual Emission. Angew Chem Int Ed Engl 2015. 

 

29. Roy, S.; Goedecker, S.; Hellmann, V., Bell-Evans-Polanyi principle for molecular dynamics 

trajectories and its implications for global optimization. Physical Review E 2008, 77 (5), 056707. 

 

  



 67 

BIOGRAPHICAL SKETCH 

 

 

EDUCATION  

Florida State University                           Sep 2014 to July 2015  

Master, Chemical Engineering 

GPA: 3.428   

Florida State University                         Sep 2013 to May 2015 

Chemical Engineering 

Exchange Program 

China University of Petroleum, Beijing              Sep 2010 to June 2013 

Chemical Engineering 

EXPERIENCE 

Research Assistant in Florida State University 

Device fabrication and testing for new fluorescent material 

Solar cell energy conversion devices, light emitting devices and sensor fabrication 

Internship in Beijing HuaFu Engineering Company 

Assistant process engineer to design the process of alkane dehydrogenation  

Study of project feasibility 

Select data and make a standard form of engineer from PID and PFD 

Refinery cognition practice in Yanshan Petrochemical Company 

Design of distillation column to separate ethanol and water 

Study the structure of distillation column and refinery process 

TEAMWORK 

Minister of the Propaganda Department   

Student Union of chemical engineering, China University of Petroleum 

Volunteer of 2011 Beijing International endurance challenge 

Leader teacher in “harmonious sounds of ocarina” volunteer team 

HONOR 

“Han Lin” scholarship ,2011 

The excellent athlete of chemical engineering department,CUP,2012 



 68 

The fifth place in three kilometers steeplechase  

2rd Place in summer -vacation Social Practice team, CUP,2012 

The organizational first prize in Ocarina championship, CUP 2013 

SKILL 

C programming language, VB programming language, 

MATLAB, COMSOL, Aspen Plus, CAD, Word, Excel, PowerPoint, ChemDraw  

 


	Florida State University
	DigiNole Commons
	July 2015

	Phosphorescent Molecules with Photoinduced Structural Change for Temperature and Viscosity Sensing
	Lin Yuan
	Recommended Citation


	Microsoft Word - lin thesis second edition .docx

