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Abstract
The aim of this study was the synthesis of three different epoxy compounds based on naphthalene-2,7-diol (2,7-NAF.EP,

2,7-NAF.WEP, 2,7-NAF.P.EP) and then their cross-linking by triethylenetetramine (TETA). All epoxides were prepared

by the reaction of naphthalene-2,7-diol with epichlorohydrin but under different conditions and with other catalysts. The

structures of the obtained compounds before and after the cross-linking reactions were confirmed by the attenuated total

reflectance Fourier transform infrared spectroscopy (ATR/FT-IR). The ATR/FT-IR spectra of cross-linked compounds

show disappearance of the C–O–C bands (about 915 cm-1) derived from the epoxy groups. DSC and TG/DTG mea-

surements indicated that the obtained materials possess good thermal resistance; they are stable up to about 250 �C. The

hardness of the cross-linked products was determined using the Shore D method. The highest value of hardness was

obtained for the 2,7-NAF.EP-POL. Additionally, the UV–Vis absorption spectra of the obtained polymers were registered

and evaluated.
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Introduction

Epoxy resins are very important class of thermosetting

polymers which were synthesized by Prishajew in 1909 [1].

Chemical structures of the most important epoxy resins

contain aliphatic, aromatic or cycloaliphatic groups and

more than one epoxy group [2, 3]. These compounds found

a wide range of applications in protective coatings, elec-

tronic-packaging materials, adhesives and high-perfor-

mance composites, etc., due to good mechanical strength,

strong adhesion, high moisture and solvent resistances,

outstanding chemical resistance, good thermal and

dimensional stabilities, superior electrical properties and

wide formulation diversity [4–15]. However, the inherent

brittle nature and poor crack resistance limited their

applications significantly. Recently, much research has

been carried out to toughen epoxy resins through the

addition of flexible curing agents [16–19]. Wang et al. [19]

prepared novel amines with different lengths of flexible

polyoxypropylene side chains (AFPE). They used the

obtained compound as a curing agent for diglycidyl ether

of bisphenol A (DGEBA). DSC showed that the activation

energy (Ea) value of DGEBA/AFPE increased from 45.2 to

52.4 kJ mol-1 with the increasing molecular weight of

AFPE. Furthermore, when the AFPE was added into the

epoxy networks, the impact strength and elongation at

break improved significantly, which was mainly due to

flexible polyoxypropylene side chains in the networks,

decreasing cross-link density and increasing size of the

cavities. Their study showed that AFPE was a novel and

effective toughening agent for epoxy resins.

In general, uncured epoxy resins have only poor

mechanical, chemical and heat resistance properties.

However, good properties are obtained by reacting the

linear epoxy resin with suitable hardeners to form three-

dimensional cross-linked thermoset structures. Among

commonly used curing agents for epoxy resins, amine-

based ones, especially aromatic and aliphatic amines, are of

prime significance in practical applications. Nowadays,

most related scientific work is focused on aromatic-amine
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curing agents. Yet little attention is paid to developing

aliphatic amine ones. Although aromatic-amine curing

agents can endow their cured epoxy resins with improved

thermomechanical properties and fire resistance, they still

suffer from their low reactivity and high melting temper-

atures. For this reason, high-temperature cure must be

applied to improve the compatibility of aromatic-amine

curing agents with epoxy resins and to accelerate curing

reactions. On the other hand, aliphatic-amine curing agents

can cure epoxy resins efficiently at room temperature and

at even somewhat lower temperatures without heating

because they are characterized by high reactivity and low

melting temperatures, accounting for their principal appli-

cations in room-temperature-cure epoxy coatings and

adhesives [20–26].

Numerous studies on improvement of heat resistance of

epoxy resins by increasing the cross-linking density of

cured epoxy resin [27] or introducing bulky structures such

as biphenyl or naphthalene [28, 29] were reported. The

addition of naphthalene moiety is expected to improve

greatly thermal property and moisture resistance [30–32].

Pan et al. [32] synthesized a series of novel novolac epoxy

resins containing naphthalene moiety with different

molecular weights via condensation of bisphenol A and

1-naphthaldehyde, followed by epoxidation with

epichlorohydrin. They demonstrated that the cured naph-

thalene epoxy resin exhibited remarkably higher glass

transition temperatures (Tg), enhanced thermal stability and

better moisture resistance than the diglycidyl ether of

bisphenol A (DGEBA). These pronounced good properties

make it an attractive candidate for electronic encapsulation

applications and composite materials. Xu et al. [33] con-

ducted the synthesis of novel epoxy resin bearing naphthyl

and limonene moieties. They showed that the obtained

compounds have remarkably higher Tg, lower coefficient of

thermal expansion, higher thermal stability, better moisture

resistance and dielectric property.

This paper presents the synthesis of epoxy resins

derivatives of naphthalene-2,7-diol: 2,7-NAF.EP, 2,7-

NAF.P.EP and 2,7-NAF.WEP. These compounds were

cross-linked using triethylenetetramine (TETA). The

chemical structures of all new compounds were confirmed

by spectroscopic methods. Thermal and luminescent

properties of the obtained epoxy resins were also studied.

Experimental

Materials

Naphthalene-2,7-diol was purchased from Sigma-Aldrich

(Germany). Epichlorohydrin was from Fluka (Switzer-

land). 2-Propanol, sodium hydroxide, toluene, propyl

carbonate, potassium carbonate, potassium acetate, tri-

ethylenetetramine (TETA), acetic acid, butanol and xylene

were obtained from Avantor Performance Materials Poland

S.A. All above-mentioned chemicals were used as

received.

Characterization of the products

The epoxide value (EV) was determined according to the

following procedure. About 0.5 g of the tested resin was

weighed on an analytical balance with an accuracy of

0.0001 g by introducing it into an Erlenmayer flask

(200 mL). The resin was mixed with 13 mL of the

hydrochloric acid solution in dioxane. Then, five drops of

cresol red solution were introduced into this mixture and

were titrated with 0.2 M alcohol solution of NaOH. During

neutralization, the color of the solution changed from red to

purple via yellow.

The epoxide value is determined according to the

formula:

EV ¼ ðV1 � V2Þ � n

10 � m
ð1Þ

where V1—the amount of 0.2 M NaOH used for the titra-

tion of the blank test [mL], V2—the amount of 0.2 M

NaOH used for the titration of the test sample [mL], n—

concentration of NaOH standard aqueous solution

(mol L-1) and m—mass of the sample (g). The epoxide

value (EV) is the number of epoxide equivalents in 100 g

of resin (eq./100 g) as used in this study.

Attenuated total reflection-Fourier transform infrared

(ATR/FT-IR) spectra were recorded on a Bruker FTIR

spectrophotometer TENSOR 27 (Bruker, Germany) using

thin films of epoxy compounds. Spectra were gathered

from 4000 to 600 cm-1 averaging 32 scans with a reso-

lution of 4 cm-1.

Differential scanning calorimetry (DSC) curves were

obtained on a DSC Netzsch 204 calorimeter (Netzsch,

Günzbung, Germany). DSC measurements were taken in

the aluminium pans with a pierced lid of the sample weight

of * 5 to 15 mg in the nitrogen atmosphere

(30 mL min-1). The empty aluminium crucible was

applied as a reference. Dynamic scans were obtained at a

heating rate of 10 K min-1 in the temperature range

20–550 �C. The parameters such as: decomposition tem-

peratures (Tonset, Toffset), final decomposition temperature

(Td) and enthalpy of decomposition (DHd) were

determined.

Thermogravimetric analysis (TG/DTG) was made with

the use of a thermal analyzer STA 449 F1 Jupiter (Netzsch,

Selb, Germany) with the sample mass of * 5 to 10 mg in

the helium atmosphere (20 mL min-1). Dynamic scans

were made at the heating rate of 10 �C min-1 in the
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temperature range 0–600 �C. The main parameters of the

thermal degradation were as follows: TIDT—the initial

decomposition temperature of the sample, T20—the tem-

perature at 20% mass loss, T50—the temperature for 50%

mass loss, peak maximum decomposition temperature

(Tmax), mk—the final mass loss at 600 �C, Tf—the final

decomposition temperature. All measurements were taken

in the Al2O3 crucible. As a reference, the empty Al2O3

crucible was used.

The hardness of the epoxy compounds was measured by

the Shore D method on a Zwick 7206/H04 hardness tester

(Germany) at 298 K. The values were taken after 15 s.

Room temperature UV–Vis reflectance spectra were

registered using a horizontal sampling integrating sphere

(Model PIV-756) connected to a V-660 JASCO

spectrophotometer.

Synthesis of epoxy compounds

Synthesis of epoxy resin of 2,7-NAF.EP

The synthesis of the epoxy resin was performed in a

750-mL round-bottom flask equipped with a mechanical

stirrer, a thermometer and a dropping funnel. 195 mL of

epichlorohydrin and 141.66 mL of 2-propanol were poured

into the flask, and then, 40 g of naphthalene-2,7-diol was

added. The mixture was heated to a temperature of about

70 �C. Subsequently, 22.5 mL of a 15% NaOH solution

was added dropwise at this temperature and heating was

continued for 30 min. The sodium hydroxide solution

closes the epoxy cycle by consuming the resulting

hydrochloric acid. After cooling, the solution was poured

into a separating funnel, the inorganic layer was poured off,

and isopropanol and unreacted epichlorohydrin were dis-

tilled from the upper organic layer. Then, 30 mL of toluene

was added to the flask and distilled again. After removing

the by-products, an epoxy resin (2,7-NAF.EP) with the

epoxy number 0.62 (n = 0) was prepared. The scheme of

the obtained resin synthesis is shown in Fig. 1 [34, 35].

Synthesis of epoxy resin with an average molecular weight
of derivative naphthalene-2,7-diol (2,7-NAF.WEP)

In a 250-mL three-necked flask equipped with a ther-

mometer, a dropping funnel and a Teflon mixer, there were

placed 16 g (0.1 mol) of naphthalene-2,7-diol, 18.5 g

(0.2 mol) of epichlorohydrin and 10 mL of toluene. The

contents in the flask were heated to 90 �C. Then, 60 mL of

a 15% aqueous NaOH solution was added dropwise over

2 h. After the NaOH addition, the reaction was continued

for 2 h keeping the temperature at 90 �C. After cooling,

10 mL of 20% CH3COOH, 20 mL of butanol and 20 mL

of toluene were added to the reaction mixture. Next after

heating to 70 �C, the contents of the flask were poured into

a separating funnel and the aqueous layer was separated.

The organic layer was placed in a flask from which the

solvents and residual H2O were distilled off under vacuum

[35]. After separation of the reaction by-products, an epoxy

resin (2,7-NAF.WEP) having the epoxide number 0.28 was

obtained. The synthesis is presented in Fig. 2.

Synthesis of 2,7-di[2-(2,3-
epoxypropoxy)propoxy]naphthalene (2,7-NAF.P.EP)

The synthesis of 2,7-di[2-(2,3-epoxypropoxy)propoxy]-

naphthalene proceeded in two stages which are presented

in Figs. 3 and 4 [36].

In the first stage, 43 g of naphthalene-2,7-diol, 55.1 g of

propyl carbonate and 0.13 g of potassium carbonate as a

catalyst were added to a round-bottom flask of 250 mL

equipped with a thermometer, mechanical stirrer, reflux

condenser and a pipe for introducing liquid nitrogen. The

reaction was carried out at high temperature in the range of

210–220 �C. During the 2.5 h reaction, the release of CO2

was evident. When the gas ceased to be released, the

reaction was continued for 0.5 h. Then, 200 mL of chlo-

roform and 150 mL of distilled water were added to the

flask. The contents of the flask were transferred to a sep-

arating funnel. After careful separation of the phases, the

solvents were distilled from the organic layer. As a result,

2,7-di(2-hydroxypropoxy)naphthalene was obtained.

In the second stage, the epoxidation reaction was per-

formed using epichlorohydrin. The molar ratio of

epichlorohydrin to the resulting diol was 10. 51 g of 2,7-

di[2-hydroxypropoxy]naphthalene; 150 mL of epichloro-

hydrin and 0.4 g of anhydrous potassium acetate were

placed in the 500-mL round-bottom flask which was

equipped with a thermometer, mechanical stirrer and the

Dean–Stark trap for azeotropic water separation. The

reaction mixture was heated to 90 �C until all reactants

were dissolved. Next, 18.5 g of NaOH suspended in 70 mL

of xylene was added to the flask. During this reaction, NaCl

precipitated and the resulting water was azeotropically

O

CHCH2 CH2 Cl+
OHOH

2

OOCH2CH

O

CH2 CH2 CH

O

CH2

Fig. 1 Scheme of the synthesis of naphthalene-2,7-diol with

epichlorohydrin
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distilled using the Dean–Stark trap. After the reaction,

400 mL of toluene was added to the flask. The whole

content was heated for about 15 min. NaCl was separated,

and the solvents were distilled from the filtrate. The epoxy

resin (2,7-NAF.P-EP) was obtained in the form of a slightly

yellow, viscous liquid with the epoxide number 0.32 [37].

Curing of epoxy compounds using
triethylenetetramine (TETA)

Curing (cross-linking) of epoxy resins takes place in the

presence of suitable amines, anhydrides, organic acids or

phenols. In this case, amine (triethylenetetramine) was

used as a hardener. TETA (triethylenetetramine) was

applied to convert the resulting epoxy compounds into

infusible and insoluble products [38]. The polyaddition

reaction of amines to epoxy resins is a complicated process

in which the amine reacts with the epoxide oxygen and

forms a hydroxyl group (Fig. 5):

The amount of amine for complete curing of 100 g

epoxy resin is calculated from the formula:

m ¼ EV �M

n
ð2Þ

where m—the mass of amine (g), EV—the epoxy number

(mol/100 g), M—the molar mass of epoxy resin (g mol-1)

and n—the number of active hydrogens.

The obtained epoxy resins (2,7-NAF.EP, 2,7-NAF.-

WEP, 2,7-NAF.P.EP) were weighed in suit-

able polyethylene containers. Next, a specific amount of

TETA was added to each container and mixed thoroughly.

The amount of TETA for individually weighed epoxy

compounds was calculated from the proportions presented

in Table 1.

The curing process was conducted at room temperature

for 20 h. Then, the process was continued at 80 �C for 4 h.

O

CHCH2 CH2 Cl+
OHOH

2

O

CHCH2 CH2 O O CH

OH

CH2 O O CH2

O

CH2CH

n

Fig. 2 The epoxidation reaction

with epichlorohydrin

OH OH

+ OO

CH3

O

2
K2CO3 O O

OH

CH3

OH

CH3

210-220 °C

Fig. 3 Scheme of the synthesis of 2,7-di(2-hydroxypropoxy)naphthalene

O O
OH

CH3

OH

CH3

+ 2

O

CHCH2 CH2 Cl

O O
O

CH3

O

CH3

O

CHCH2 CH2 CH2 CH

O

CH2

Fig. 4 Scheme of the synthesis of 2,7-di[2-(2,3-epoxypropoxy)propoxy]naphthalene
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As a result of epoxy resins curing, solid products exhibiting

photoluminescent properties were obtained (Fig. 6).

Results and discussion

ATR/FT-IR analysis

Figure 7 shows the ATR/FT-IR spectra of the epoxide

derivative of naphthalene-2,7-diol: 2,7-NAF.EP and its

cross-linked product: 2,7-NAF.EP-POL. In the 2,7-

NAF.EP spectrum, the presence of main peaks located at

3467 and 912 cm-1 can be assigned to the O–H bands and

the C–O deformation band from the epoxy group. C–H

stretching of the terminal oxirane group is observed at

3030 cm-1. Also the signals located at 2930–3002 cm-1

are derived from the stretching vibrations of aromatic and

aliphatic –CH, –CH2 groups. The aromatic group C=C

gives a shape signal at 1627 cm-1. The peaks situated at

1210 and 1135 cm-1 are characteristic of C–O–C of the

ester-type bonds. The signal at 832 cm-1 can be assigned

to the C–H vibrations from the benzene ring.

In turn, in the spectrum of 2,7-NAF.EP-POL, the

stretching vibrations of the hydroxyl group at 3332 cm-1

were observed. The group C=C gives a signal at

1626 cm-1. The signals derived from the aromatic C–H

group are present at the wavelength of about 830 cm-1.

The visible absorption band at the wavelength of about

1120 cm-1 indicates the vibration of C–O–C bonds. The

spectrum also shows disappearance of the C–O bands

derived from the epoxy group which indicates the proper

course of curing reactions. Additionally, the stretching

1) R NH2

O

CH2 CH+

+
O

CH2 CH NR
CH2

CH2

CH

OH

CH

OH

NHR CH2 CH2

OH

CH2 CH
OH

NH2) R

Fig. 5 The polyaddition

reaction of amine to epoxy

resins

Table 1 Experimental parameters

Resin Amount of epoxide/g TETA/g

2,7-NAF.EP 100 15

2,7-NAF.WEP 100 6.8

2,7-NAF.P.EP 100 7.8

1             2             3 

(a)

1              2              3 

(b)
Fig. 6 Images of copolymers

before (a) and after (b) UV

irradiation (366 nm): 1—2,7-

NAF.EP-POL; 2—2,7-

NAF.P.EP-POL and 3—2,7-

NAF.WEP-POL
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Fig. 7 The ATR/FT-IR spectra of 2,7-NAF.EP and its polymer
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vibration of C–N group occurs at 1170 cm-1 and also the

N–H bending signal is visible at 1490 cm-1.

Figures 8 and 9 show the ATR/FT-IR spectra of 2,7-

NAF.P.EP; 2,7-NAF.WEP and their hardened products:

2,7-NAF.P.EP-POL and 2,7-NAF.WEP-POL. The spectra

of 2,7-NAF.WEP; 2,7-NAF.P.EP and their hardened

products present the same type of signals located at

approximately the same wavelengths as in the case of the

spectra for 2,7-NAF.EP and 2,7-NAF.EP-POL.

DSC analysis

The DSC curves of the compounds: 2,7-NAF.EP; 2,7-

NAF.WEP, and 2,7-NAF.P.EP and their cured products

(2,7-NAF.EP-POL; 2,7-NAF.WEP-POL; 2,7-NAF.P.EP-

POL) are shown in Figs. 10–12. In addition, the charac-

teristic temperatures: Tonset, Toffset, Td and the enthalpy of

decomposition (DHd) are given in Table 2.

The DSC analysis showed the differences in thermal

behaviour of the obtained epoxy resins (2,7-NAF.EP; 2,7-

NAF.P.EP, and 2,7-NAF.WEP) and their cross-linked

polymers. The DSC curves of 2,7-NAF.EP and its polymer

(Fig. 10) show one distinct endothermic peak. The

endothermic peaks at 333–345 �C with the DHd values

from 85 to 256 J g-1 correspond with the total thermal

degradation of these compounds.

The DSC curves of the other compounds: 2,7-NAF.P.EP

and its polymer show also one endothermic peak (Fig. 11).

This peak occurs in the temperature range at 341–368 �C
and may result the thermal degradation of 2,7-NAF.P.EP

and 2,7-NAF.P.EP-POL. Moreover, the copolymers were

characterized by rather high thermal stability, and no

endothermic decomposition peak up to 250 �C was

observed.

In the case of DSC curves of 2,7-NAF.WEP and its

polymer (Fig. 12), two endothermic peaks were found.

Probably, the determined DSC curves are related to the

macromolecular structures of the resulting copolymer. The

first endothermic peaks at 329–349 �C with the DHd values

from 21 to 35 J g-1 demonstrated the degradation of low

cross-linked, linear fragments of copolymer. The second

effect (at 421–423 �C) is associated with the thermal

degradation of aromatic fragments of 2,7-NAF.WEP and

its polymer.

TG/DTG study

Thermal stabilities and degradation behaviour of the cross-

linked resins were studied by means of thermogravimetry

in the helium atmosphere. The curves obtained from the

TG and DTG measurements are shown in Fig. 13. The

obtained data are also summarized in Table 3. Analyzing

the obtained data, one can conclude that the largest thermal

resistance was found in the case of 2,7-NAF.EP-POL. This

material decomposed in one main step in the range

291–424 �C with the maximum at 350 �C. The rate of the

mass loss for 2,7-NAF.EP is - 11.07% min-1. For the 2,7-
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Fig. 8 The ATR/FT-IR spectra of 2,7-NAF.P.EP and its polymer
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Fig. 9 The ATR/FT-IR spectra of 2,7-NAF.WEP and its polymer
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Fig. 10 The DSC curves of 2,7-NAF.EP and its polymer
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NAF.P.EP-POL sample, the decomposition process pro-

ceeds from 217 to 427 �C with the maximum at 365 �C.

This compound decomposes with the rate of

- 11.1% min-1. In the case of 2,7-NAF.WEP-POL, the

thermal decomposition proceeds with the slowest rate

(- 8.85% min-1). For this sample, the maximum of the

decomposition process is bimodal and takes place at 366

and 410 �C, respectively. On the DTG curve for the 2,7-

NAF.WEP-POL also one small decomposition stage can be

noted. The peak maximum is observed at 180 �C and is

probably connected with degradation of the low-cross-

linked linear, aliphatic fragments of resins. The final

decomposition temperatures (Tf) are from 424 to 430 �C.

For overall assessment of thermal resistance of the

obtained resins, the analysis in air atmosphere was also

carried out. Figure 14 shows TG/DTG curves; additionally,

the obtained data are collected in Table 4. Slight decrease

(5–25 �C) of the initial decomposition temperature was

noted for all samples compared with analysis in inert

conditions. Initial decomposition temperature (IDT) for the

2,7-NAF.EP-POL was 305 �C, while the final decomposi-

tion temperature was 446 �C. This sample was degraded in

single step (maximum in 345 �C). The main decomposition

range for 2,7-NAF.WEP-POL resin was from 300 �C to

464 �C. On DTG curve for this material, one small

decomposition stage at 188 �C was noticeable (similar like

in helium atmosphere). Two maxima of decomposition

process were observed for this sample: first at 355 �C and

second at 424 �C. Decomposition process for 2,7-NAF.-

P.EP-POL proceeded in one main step with maximum rate

in temperature 350 �C. The range of degradation for 2,7-

NAF.P.EP-POL was from 230 to 442 �C.

Table 2 The results of DSC analysis of the obtained resins

Name of sample Tonset/�C Td/�C Toffset/�C DHd/J g-1

2,7-NAF.EP 260 333 399 85

2,7-NAF.EP-POL 280 345 415 256

2,7-NAF.P.EP 239 341 395 62

2,7-NAF.P.EP-POL 280 368 403 81

2,7-NAF.WEP 250 329 351 21

351 421 469 52

2,7-NAF.WEP-POL 290 349 385 35

385 423 460 78
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Fig. 11 The DSC curves of 2,7-NAF.P.EP and its polymer
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Fig. 13 The TG (a) and DTG (b) curves obtained in the inert

atmosphere (helium) of 2,7-NAF.EP-POL, 2,7-NAF.WEP-POL and

2,7-NAF.P.EP-POL epoxy resins

Synthesis of epoxy resins derivatives of naphthalene-2,7-diol and their cross-linked products 4355

123



The type of atmosphere in which thermal decomposition

was carried out also affects the speed of this decomposi-

tion. For example, material 2,7-NAF.EP-POL decomposes

in helium with the rate of - 11.07% min-1 but in air

atmosphere the maximum rate of the mass loss was

- 8.18% min-1. In helium, the rate of the mass loss for

2,7-NAF.WEP-POL for first maximum peak is

- 6.75% min-1, and for second maximum is

- 8.85% min-1 while in case distribution in air the first

maximum of decomposition is - 5.49% min-1 and the

second is - 4.85% min-1. In the case of 2,7-NAF.P.EP-

POL, the maximum rate of thermal decomposition in

helium atmosphere is - 11.1% min-1 while in air condi-

tions this value is - 4.73% min-1.

The shape of TG and DTG curves received in air con-

ditions is close of the shape these curves obtained in helium

atmosphere. The synthesized epoxy resins generally are

characterized by good thermal resistance and stability.

The study of epoxy compounds hardness

Hardness of plastics is defined as the resistance of a

material while pressing a vertically positioned indenter into

its surface. The pressure of the indenter must be so large as

to make the permanent deformation. The greater the

hardness of the material, the smaller the depth of the dip,

and thus the greater the load on the indenter. The principle

of measurement is based on measuring the depth of

indenter penetration into the material of the studied poly-

mer samples on a scale from 0 to 100�Sh. The results of the

study are shown in Table 5. The highest value of hardness

was characterized by 2,7-NAF.EP-POL, while the lowest

value was assigned to 2,7-NAF.P.EP-POL. These results

are a consequence of chemical structure of the epoxides.

The lowest values were obtained for the resins possessing

the longest aliphatic chain.

Table 3 The results of TG/DTG

analysis of the obtained

polymers in helium conditions

Polymer TIDT/�C T20/�C T50/�C Tf/�C Tmax/�C mk/%

2,7-NAF.EP-POL 310 341 370 424 350 18 (600 �C)

2,7-NAF.WEP-POL 145 326 379 430 366/410 14 (600 �C)

2,7-NAF.P.EP-POL 238 314 364 427 365 5 (600 �C)
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Fig. 14 TG (a) and DTG (b) curves obtained in air atmosphere of 2,7-

NAF.EP-POL, 2,7-NAF.WEP-POL and 2,7-NAF.P.EP-POL epoxy

resins

Table 4 The results of TG/DTG

analysis of the obtained

polymers in air conditions

Polymer Tp/�C T20/�C T50/�C Tf/�C Tmax/�C mk/%

2,7-NAF.EP-POL 302 343 406 446 345 26 (600 �C)

2,7-NAF.WEP-POL 120 338 411 464 355/410 19 (600 �C)

2,7-NAF.P.EP-POL 230 327 360 442 350 5 (600 �C)

Table 5 The results of test hardness according to the Shore method

Polymer Hardness in scale D/�Sh

2,7-NAF.EP-POL 81

2,7-NAF.WEP-POL 78

2,7-NAF.P.EP-POL 72
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Absorbance measurements of the obtained
epoxy resins

The studied epoxides exhibit a strong UV absorption at

approximately 350 nm, associated with the presence of the

naphthalene ring. In the absorption spectra (Fig. 15), peaks

are also visible at about 450 nm for 2,7-NAF.EP-POL; 2,7-

NAF.WEP-POL, and 2,7-NAF.P.EP-POL related to the

presence of epoxide rings in the -2,7- position in naph-

thalene. The highest value of absorbance was found for

2,7-NAF.EP-POL, and the lowest value for 2,7-NAF.P.EP-

POL. After excitation, both the epoxides and their poly-

mers emitted yellow-green radiation [36, 37].

Conclusions

The synthesis and characterization of new cross-linked

polymeric naphthalene derivatives with unique lumines-

cent properties are presented. As a result of the reactions of

naphthalene-2,7-diol with epichlorohydrin, three epoxide

compounds were obtained under various conditions and

using other catalysts. All obtained epoxy derivatives

undergo cross-linking under the influence of tri-

ethylenetetramine giving solid products with different

hardness.

These materials are characterized by good thermal

resistance. The final decomposition temperatures for all

compositions are from 424 to 430 �C. After excitation of

UV radiation, the copolymers (and epoxides) emitted yel-

low-green radiation. This property makes the naphthalene

derivatives very useful precursors for preparation of e.g.:

fluorophores of luminescent materials, polymer light-

emitting diodes and organic semiconductors. Easily pro-

cessable fluorescent polymers containing naphthol

chromophores could have potential applications in the

production of high laser-resistant materials, laser dyes or

fiber optic sensors. Due to suitable thermal resistance, the

obtained epoxy resins can be used in the production of

thermally resistant coatings.
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