
Nonlinear optical properties of symmetrical and asymmetrical
porphyrin derivatives with click chemistry modification

Xiong Liu a, Dong Wang a, *, Hong Gao b, **, Zhou Yang a, ***, Yan Xing b, Hui Cao a,
Wanli He a, Huihui Wang a, Jianming Gu c, Huiying Hu d

a Department of Materials Physics and Chemistry, School of Materials Science and Engineering, University of Science and Technology Beijing, Beijing
100083, PR China
b China Academy of Space Technology, Beijing 100094, PR China
c Department of Adult Joint Reconstruction, Beijing Jishuitan Hospital, Beijing 100035, PR China
d Department of Obsterics and Gynecology, Peking Union Medical College Hospital, Beijing 100730, PR China

a r t i c l e i n f o

Article history:
Received 25 February 2016
Received in revised form
5 July 2016
Accepted 6 July 2016
Available online 7 July 2016

Keywords:
Porphyrin
Click chemistry
Nonlinear optics
Optical limiting

a b s t r a c t

The novel kind of charge-transfer porphyrin complexes with symmetrical and asymmetrical side groups
were synthesized by the high-yielding [2 þ 2] click chemistry reaction involved a two-step procedure.
Both electrochemical and UVevis studies were characterized and proved that the side groups of the
porphyrin complexes played an important role on optical properties and energy gaps. The novel series
did show the narrower band gap and broader absorption in the visible and near infrared region. As the
side groups, the click moieties also affected the third-order nonlinear optical responses, and all the
compounds exhibited the expected nonlinear optical properties which were affected by the chemical
structures. The optical-limiting performance had also been studied, which was in agreement with the
result of Z-scan experiments.

© 2016 Elsevier Ltd. All rights reserved.

1. Introduction

Considerable attention has been concentrated dramatically on
organic third-order nonlinear optical (NLO) materials in recent
years for their promise in optical telecommunications, ultrahigh
speed signal processing, real-time target recognition, and
aberration-corrected imaging, where linear and nonlinear absorp-
tion must beminimized, and in optical power limiting (OPL), where
nonlinear absorption must be maximized [1e3]. The organic ma-
terials with prominent p-electron delocalization include porphy-
rins, phthalocyanines, fullerenes, and organometallic compounds.
Among them, porphyrins emerged as promising candidates are of
interest since a significant enhancement of hyperpolarizability can
be achieved through metal insertion at the ring center or by
functionalization at the peripheral positions. Usually, large
nonlinear optical properties are always accompanied with highly
conjugated large p-system or extended aromatic core of the

molecular structure [4,5]. From a more fundamental perspective,
many studies have concerned porphyrins [6,7], which offer great
scope for imaginative molecular engineering with the aim of real-
izing new, multifunctional NLO materials. However, comparing
with the actually applications of inorganic materials, up to date,
search for new organic materials and studying on the factors
affecting the nonlinear optical properties of these organic com-
pounds as nonlinear optical materials are still necessary.

In order to solve these problems, the most attractive charac-
teristic of organic based materials derives from the versatility of
modern organic synthetic methods, which enable the chemist to
tune the photophysical properties of a material to enhance a
particular NLO effect simply by altering flexible synthetic routes.
Whilee theoreticallye almost any desired b-substituted porphyrin
can be prepared based on historical contributions from eminent
chemists such as Willst€atter, Fischer, Woodward, Eschenmoser and
Smith [8e10] there were still limitations in the preparation of
asymmetrical porphyrins [11,12]. Meanwhile, post-
functionalization may be a good method for designing and pre-
paring the asymmetric porphyrins. Recently, [2þ 2] click chemistry
[13e19] became one of the most important techniques to attach
various chromophores to porphyrins or other derivatives, affording

* Corresponding author.
** Corresponding author.
*** Corresponding author.

E-mail address: wangdong@ustb.edu.cn (D. Wang).

Contents lists available at ScienceDirect

Dyes and Pigments

journal homepage: www.elsevier .com/locate/dyepig

http://dx.doi.org/10.1016/j.dyepig.2016.07.010
0143-7208/© 2016 Elsevier Ltd. All rights reserved.

Dyes and Pigments 134 (2016) 155e163

mailto:wangdong@ustb.edu.cn
http://crossmark.crossref.org/dialog/?doi=10.1016/j.dyepig.2016.07.010&domain=pdf
www.sciencedirect.com/science/journal/01437208
http://www.elsevier.com/locate/dyepig
http://dx.doi.org/10.1016/j.dyepig.2016.07.010
http://dx.doi.org/10.1016/j.dyepig.2016.07.010
http://dx.doi.org/10.1016/j.dyepig.2016.07.010


a variety of new organics in a straightforward way. The strong
polarizability and long conjugated system can be obtained at the
same time by [2 þ 2] click chemistry, and both the factors has been
proven effective to improve the NLO properties [20e26]. The
asymmetrical porphyrins were simply synthesized by the high-
yielding [2 þ 2] click reaction. It’s kind of a necessity that, the
field of nonlinear optics [20e26] has attracted substantial research
interest, with most of the attention being focused on establishing
the fundamental relationship between nonlinear optical response
and chemical structures. Furthermore, the design and preparation
of asymmetrical porphyrins would be more of a challenge.

In this paper, the high-yielding [2þ 2] click reactionwas used to
design and prepare asymmetrical porphyrins, and a series of por-
phrins with the different click moieties were obtained. The
different conjugated p-systems and electron-withdrawing prop-
erties of the novel porphyrins may be discussed based on the series
or amount of click moieties. Maybe, they had the potential appli-
cations as the nonlinear optical materials or optical-limiting
materials.

2. Result and discussion

2.1. Synthesis

The synthesis scheme of porphyrins was shown in Fig. 1, and the
highlight parts represented click structures of charge-transfer

porphyrin complexes. After the porphyrin (R) that branched
chain contained alkynyl needed to be synthesized, the synthesis of
symmetrical and asymmetrical porphyrins with different click
moieties involved a two-step procedure. First, by controlling the
reactant molar ratio, the series of single substituted R-X (R-1, R-2,
and R-3) was synthesized by the high-yielding [2þ 2] click reaction
[27] using the first electron acceptors (TCNE, TCNQ, and F4-TCNQ)
as click reagents [13e26]. Then the second electron acceptors were
appended by the similar way to obtain R-XY (R-11, R-12, R-13, R-22,
R-23, R-33). As far as we know, it is very difficult to synthesize the
asymmetrical porphyrin-system for enhancing the push-pull
character with highly asymmetrical substitution [28e31]. In this
paper, we try to synthesize the symmetrical porphyrins with two
same reactable groups first, then try to make one of the reactable
groups to react with click reagent by controlling the feed weight
ratio. The symmetrical porphyrins with two same click moieties
also can be synthesized by the one step method, and the excess of
click reagents were added. The asymmetrical porphyrins were
simply synthesized by the high-yielding [2 þ 2] click reaction here,
but the total yields still were limits in the yields of porphyrin (R)
itself and reactant that branched chain contained alkynyl. It is
significant to note that the mixtures of two products and one
reactant are obtained for synthesizing the asymmetric click prod-
ucts. In the experimental section, we showed different yields for
every chemical composition. Due to great difference in polarity
from the click moieties, all the porphyrin derivatives could be very

Fig. 1. General scheme for the synthesis of porphyrins.
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