
www.rsc.org/advances

RSC Advances

This is an Accepted Manuscript, which has been through the 
Royal Society of Chemistry peer review process and has been 
accepted for publication.

Accepted Manuscripts are published online shortly after 
acceptance, before technical editing, formatting and proof reading. 
Using this free service, authors can make their results available 
to the community, in citable form, before we publish the edited 
article. This Accepted Manuscript will be replaced by the edited, 
formatted and paginated article as soon as this is available.

You can find more information about Accepted Manuscripts in the 
Information for Authors.

Please note that technical editing may introduce minor changes 
to the text and/or graphics, which may alter content. The journal’s 
standard Terms & Conditions and the Ethical guidelines still 
apply. In no event shall the Royal Society of Chemistry be held 
responsible for any errors or omissions in this Accepted Manuscript 
or any consequences arising from the use of any information it 
contains. 



Graphical Abstract 

 

 

A solvothermally synthesized 3-D Cd(II) metal-organic framework with rutile topology was 

found containing right- or left- handed helices in its structure, and emitting tunable UV-to-visible 

photoluminescence. 
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A 3-D Metal-Organic Framework with Rutile Topology Network, 

Right- or Left- Handed Helical Chains and Tunable UV-to-visible 

Photoluminescence†  

Wei-Wei Zhou, Wang Zhao,* Feng-Wu Wang, Wen-Yan Fang, Dao-Fu Liu, Yi-Jun Wei, Mai Xu, Xing 
Zhao and Xian Liang

A rutile topological 3-D metal organic framework (MOF) had been 

obtained by reacting CdSO4·8/3H2O with HL (HL = 6-aminonicotinic acid) 

under solvothermal condition. Unique right- or left- handed helices can be 

found in the architecture of the MOF. The framework can exhibit tunable 

UV-to-visible fluorescence by variation of excitation light.   

In recent years, tunable fluorescent materials attract more and 

more researcher’s attention owing to their potential applications in 

sensing and lighting.1 To our knowledge, the general approach to 

gain tunable fluorescence is to tailor the types and concentrations 

of activated ions.2 Common examples include lanthanide or 

transition metal-doped materials,3 and lanthanide heterometallic 

complexes.4 Obviously, it is inconvenient and unsatisfying to control 

or handle emissions of these materials during use. 

Metal-organic frameworks (MOFs) are coming into 

prominence as tunable luminescent materials,5 in which ligand-

centered and metal-to-ligand charge transfer could coexist, making 

their fluorescence tunable by variation of excitation light.6 

However, the preparation of tunable luminescent MOFs still faces 

challenges, since it is hard to control the tunability. In our opinion, 

the choice of ligands is very crucial. If the ligands themselves show 

tunable luminescence, their MOFs are most likely to produce 

tunable emissions, too.7 Especially when ligand-centered charge 

transition mixed with metal-to-ligand charge transfer (MLCT) or 

ligand-to-metal charge transfer (LMCT), further-enhanced variable 

tunable-luminescence can be exhibited to us. Ligand HL (HL = 6-

aminonicotinic acid) is a good donor-accepter system with rich π 

electrons, and HL can exhibit UV-to-visible luminescence. We select 

the bridging ligand HL as sources to construct a novel Cd(II) 

compound [Cd3(SO4)2L2(H2O)4]n (1). Herein, we report the synthesis, 

structure, topologic network, UV-to-visible luminescent properties, 

and band structure of 1.  

Compound 1 was prepared by solvothermal reaction‡ of 

CdSO4·8/3H2O and HL at 170 °C for 4 days. The experimental and 

simulated powder X-ray diffraction (XRD) patterns are in good 

agreement with each other, suggesting the phase purity of the 

product (Fig. S1†). The structure of compound 1 was identified by 

satisfactory elemental analysis‡, IR (Fig. S2†) and single-crystal X-

ray diffraction analysis§ (ESI†). The asymmetric unit of 1 contains 

one and half Zinc atoms, one L ligand, one sulfate group and four 

water molecules. The Cd2 atom is six-coordinated by one sulfate 

O14 atom, two water (O3W, O4W) oxygen atoms, and their 

symmetry-related atoms O14D, O3WD, O4WD (D = -x, 1 - y, 1 - z), 

yielding an almost octahedral environment, with the Cd2(II) center 

locating in the best least-squares plane of the four water-oxygen 

atoms (Fig. 1). However, the Cd1 atom has a distorted octahedral 

environment coordination, formed by two oxygen atoms (O1, O2) 

from two different L ligands, one N1 atom from another L ligand, 

one sulfate O11 atom and two water (O1W, O2W) oxygen atoms. 

The Cd–N distance is 2.317(3) Å and the Cd–O distances range from 

2.222(3) to 2.453(3) Å. Thus, the sulfate anion links two Cd atoms 

(Cd1, Cd2) via its two oxygen atoms (O11, O14), acting as μ2-bridge. 

So we can see, two Cd1 atoms are connected to one Cd2 atom 

which is located at a crystallographic inversion center via two μ2-

bridging sulfate groups, forming a zigzag trinuclear secondary 

building unit (SBU) (Fig. 2(a)). These bonding modes make the S1–

O11–Cd1 angle 133.00(16) °, S1–O14–Cd2 angle 139.30(18) °and  

 
Fig. 1 ORTEP drawing of 1 with 50% thermal ellipsoids with hydrogen atoms being 

omitted for clarity. (Symmetry codes: A: 1 - x, 1 - y, 1 - z; B: 1 - x, -1/2 + y, 3/2 - z; C: 1 - 

x, 1/2 + y, 3/2 - z; D: -x, 1 - y, 1 - z). 
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the intra-trinuclear Cd1···Cd2 separation 5.571(2) Å.  

Each SBU connects to six neighboring L ligands in six directions 

via two Cd1-O1 bonds, two Cd1-O2 bonds and two Cd1-N1 bonds. 

Thus, this generates a six-connecting node in the structure of 1 (Fig. 

2(a)). As for each L ligand, it shows a tridentate-coordinated mode 

with its O1, O2 and N1 atoms chelated to three Cd1 ions of three 

different SBUs, acting as a μ3-bridge. Thus, we can consider L 

ligands to be three-connecting nodes (Fig. 2(b)). As a result, the 

SBUs are interconnected through μ3-L ligands to generate a 3-D 

architecture (Fig. S4†). As mentioned above, the framework of 1 

can be symbolized as a (3,6)-connected noninterpenetrating 

decorated rtl net [Schläfli symbol (4·62)2(42·610·83)] by considering L 

ligands and SBUs as 3- and 6-connected nodes (Fig. 2(c)).8 HL is a 

simple ligand, it can be easily obtained from commercial resources 

or synthesized in laboratories. However, metal-organic compounds 

containing HL or L-1 ligands have not been reported till now. 

Compound 1 is an unprecedented coordination compound of 6-

aminonicotinic acid ligand.  

Moreover, we can find unique helices in the structure of 1. The 

helix is constructed by carboxyl groups of L ligands (carboxyl A, 

seeing Fig. S5(a)†) bridging SBUs, displaying right-handed helical 

chains, with the pitch of the helix being 10.365 Å. The nearest Cd2

…Cd2 distance is about 6.325 Å, and the shortest Cd1-Cd1 distance 

is 5.325 Å within a chain. All the helices are in an orderly 

arrangement along b direction. Adjacent helices link each other via 

the others carboxyl groups (carboxyl B, seeing Fig. S5(b)†) which 

have not participated in the formation of helices, extending the 

helical chains to generate a 2-D sheet structure (Fig. S5(b)†) in bc 

 
Fig. 2 (a) Simplified view of 6-connected zigzag trinuclear unit in 1; (b) Simplified views 

of 3-connected L ligand in 1; (c) A schematic view of the 3, 6-connected rtl net of 3-D 

supramolecular architecture of 1. 

plane. The nearest Cd2…Cd2 separation of the adjacent helical 

chains within a sheet is 7.251 Å. The adjacent layers are interlinked 

each other through interlamellar pyridine rings of L ligands to form 

the 3-D structure of 1 (Fig. 3(a), Fig. S5(c)†), with the nearest Cd2…

Cd2 distances of the adjacent layers being 16.935 Å. Especially 

interesting, left-handed helices can be found if we choose carboxyl 

B groups to link SBUs (Fig. S6(a)†). The carboxyl A groups bridge the 

left-handed chains to form sheets in bc plane (Fig. S6(b)†). 

Furthermore, the parallel sheets are interlinked by pyridine rings, 

forming the 3-D structure of 1 (Fig. 3(b), Fig. S6(c)†). Carefully 

checking the reported decorated rtl nets,9 we have not found 

helices among them, except for the complex [ML(H2O)2]n (M = Mn, 

Co, Zn, Cd; H2L=5-carboxyl-1-carboxymethyl-3-oxidopyridimium) 

reported by Feng and Jiang and co-workers.10 It is well known that 

inorganic anions may play a key role in the construction of the 

structures for complexes, because they can affect the coordination 

modes of the organic ligands.11 In comparison with the known rtl-

net complexes, the novel helices of 1 may be due to its zigzag 

trinuclear SBUs, which are related with the inorganic anions, sulfate 

anions. All these topological and structural properties enable 1 to  

 
Fig. 3 Schematic presentation of the 3-D network of 1 containing (a) right-handed 

helical chains or (b) left-handed helical chains (green hexagons: pyridine rings). 
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be an excellent candidate for structural chemistry. 

The diffuse reflection spectrum shows that 1 displays intense 

absorption bands in the UV (200-400 nm) range which reveals the 

presence of an optical gap of 3.50 eV, and some absorption in the 

infrared region (1400-2600) (Fig. S7 and S8†). The solid-state 

luminescence of 1 was investigated at room temperature. Three 

emission bands (A, B, C) can be found in the whole luminescence 

progress of 1 (Fig. 4, Fig. S9†). When excited at very wide range of 

250–335 nm, compound 1 exhibits emission A with maxima at ~372 

nm. It is notable that emission A has a very broad excitation band, 

and broad emission band in the range of 320–500 nm. Then as the 

excitation wavelength increases to the 340-365 nm band, the 

emission A becomes lower and a new emission maxima at ~387 nm 

(emission B) emerges. However, with the excitation light shifting to 

370 nm or more, the intensity of emission B decrease rapidly, a 

maximum emission (emission C) centered at ~476 nm is observed. 

Notably, the bands of emission A, B and C are somewhat 

overlapping because of their broad bands and near emission peaks. 

In a word, the spectra of 1 is composed of three emission bands 

(emission A, B and C), while the intensities of the three bands show 

quite a different dependence on the excitation wavelength (Fig. 

S10†). When excited at shorter wavelength than 370 nm, emission 

A and B dominate the total emission spectrum. When excited at 

longer wavelength than 370 nm, emission C grows stronger 

accompanied by the decrease and disappearance of emission A and 

B. Consequently, compound 1 exhibits tunable UV-to-visible 

photoluminescence upon variation of excitation light. The free HL 

ligand displays three emissions (emission A', B' and C') and tunable 

UV-to-visible photoluminescence, too (Fig. S11 and S12†).Through 

the comparison between emissions spectra of 1 and HL, we can find 

that the emission A are similar to emission A' of ~367 nm peak, the 

peaks of emission B and C are with blue-shift of 41 nm and 52 nm 

compared to emission B' (centered at ~428 nm) and C' (centered at 

~528 nm). Therefore, the three peaks of 1 can be tentatively 

ascribed to the fluorescence of the L ligand. The external quantum 

yield of 1 is 7% when excited by 350-nm light. The fluorescence 

decay curve of 1 excited by 350-nm light consists of fast and slow 

decay components. The decay curve can be well fitted by double 

exponential equation: I(t)=I0+A exp(−t/τ1)+B exp(−t/τ2). The values 

of τ1 and τ2 extracted from the fitted curve are 1.02 and 4.08 ns, 

indicating that it has fluorescence characteristics (Fig. S14†). 
The electronic structure of 1 was theoretically calculated 

in order to better understand its photoluminescent 

mechanisms (ESI†). On the grounds of theoretical-calculation 

results for 1, the band structure shows an indirect band gap of 

3.58 eV (Fig. S15†), which is comparable with the experimental 

value. The top of the valence bands (VBs) (from -3.5 to Fermi 

level (0 eV)) and the bottom of the conduction bands (CB) 

(from 3.0 to 4.5 eV) are dominated by p-π orbitals of L-1 ligands 

(Fig. 5(a)). Accordingly, it can be considered that the observed 

spectral emissions of 1 can be mainly attributed to ligand-

centered charge transitions based on L-1 ligands. This results 

are in agreement with the above tentative ascription for the 

fluorescence of 1. For deeper exploration, the density of states 

(DOS) of L-1, py, NH2, COO-1, which are taken from the 

theoretical-calculation results for 1, are detailed illustrated 

(Fig. 5(b)). For the total DOS of L-1 ligand, the top of VBs 

between energy -3.5 eV and Fermi level are mainly ascribed to 

the p-π orbitals of py group, p-π orbitals of COO-1 group, mixed 

with p-π orbital of NH2 group which mainly dominates -1.6 eV 

to -0.4 eV range. While the p-π* antibonding orbitals of py  

 

Fig. 4 Solid-state emission spectra of 1 by variation of the excitation light under the 

same conditions. 

 

Fig. 5 (a) The total and partial DOS of 1; (b) the total and partial DOS of L ligand which 

are taken from the theoretical-calculation results for 1. The position of the Fermi level 

is set at 0 eV. 
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group mostly accounts for the CBs between energy 3.0 and 4.5 eV. 

Consequently, we can come into a conclusion that the emission A 

peak at ~372 nm mainly arises from intragroup π-π* transition of 

py, similar emissions have been reported in the pyridine derivatives 

and pyridine-based complexes.12 And emission C peak at 476 nm 

can be attributed to intergroup π-π* transition from COO-1 to py, 

Cai and co-workers have found this kind of emission.13 For emission 

B, it can be reasonably ascribed to π-π* transition from NH2 to py 

separately. We can also see the enhanced photoluminescence 

intensity of 1, and the possible explanation is that the L-1 ligand is 

deprotonated and coordinated to Cd(II) ions, which improves the 

rigidity of the ligand and reduces energy loss.14 Moreover, such a 

excitation broad bandwidth of 1 is qualified to improve the overlap 

with the excitation beam, hence making 1 adequate for 

applications. So we see that HL and its coordination compounds 

(CC) may exhibit tunable photoluminescence. And more variable 

emissions can be seen if MLCT occurs in the CCs, even white-light 

can be impossible. 

Conclusions 

In summary, we have prepared a 3-D unprecedented Cd(II) 

MOF based on 6-aminonicotinic acid. Compound 1 contains 

unique zigzag trinuclear SBUs, which is further bridged by L 

ligands, forming a (3,6)-connected noninterpenetrating rtl net. 

Moreover, novel right or left helical chains can be find in the 

structure of 1 via skillful selection of bridging carboxyl groups. 

Upon variation of excitation light, HL and 1 exhibit tunable UV-

to-visible fluorescence, which make 1 a potential photoactive 

material in photophysical chemistry. More importantly, we 

find HL ligand is an excellent candidate for preparing tunable-

fluorescent MOFs materials. This research may provide a new 

route to explore the fluorescent materials with tunable PL. 
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