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Organic compounds of ortho-coumaric acid (abbr. o-CMA) and para-coumaric acid (abbr. p-CMA) 

are intercalated into the layered rare-earth hydroxide (LRH, R= Eu, Gd) by ion exchange method. 

The two organics having the same phenolic hydroxyl and carboxyl groups locating different 

positions demonstrate variant intercalation structures. The CMA anion guests within the LRH 10 

gallery indicate monolayered or bi-layered arrangements depending on their own characteristic 

feature and the deprotonation degree. The combination of o-/p-CMA molecules with LEuH/LGdH 

layers generates hybrid materials exhibiting versatile luminescence properties. In solid state, for 

LEuH layers, the luminescence of layer Eu3+ and interlayer o-CMA is co-quenched, however, for 

LGdH layers, green emissions (520 nm) are observed, both of which are different from the cyan 15 

emission (475 nm) of free o-CMA anions. When dispersed in formamide (FM), o-CMA-LEuH 

composites exhibit weak luminescence, in sharp contrast to o-CMA-LGdH composites displaying 

green emissions (495-520 nm) with markedly enhanced intensity. The p-CMA-LGdH composites 

display blue emission (457 nm) quite different from the green emission (499 nm) for free p-CMA 

in FM, compared with the unobservable emission within LEuH layers. In addition, co-intercalation 20 

of surfactant OS (1-octane sulfonic acid sodium) with o-CMA anions into LEuH produces 

composites showing desirable blue emission or violet emission, due to the change of 

microenvironment of organic guests. The energy transfer between layer Eu3+ and interlayer CMA 

was proposed to account for the co-quenching or blue shift. This work offers a beneficial approach 

to fabricate organic-inorganic photofunctional materials with controllable structure and tunable 25 

fluorescence property. 

1. Introduction 

Organic-inorganic hybrid luminescent materials have attracted 

increasing interest for the novel properties originating from 

the synergetic interactions of the inclusive components. 30 

Layered inorganic materials with two-dimensional (2D) 

matrices can be readily functionalized via intercalation 

because of their tunable interlayer space and compositions. 

The incorporation of host matrices and luminescent guests 

with organized packing modes1-3 can tune the luminescence 35 

properties. If the arrangement or loading of luminescent 

guests can be controlled purposefully within the 2D matrix, 

the modulation of luminescence would be acheived.4, 5 

Layered double hydroxides (LDHs) are one type of 2D 

matrices with positive-charged layers and interlayer counter 40 

anions exhibiting a large versatility of applications.4, 6-12 Much 

work involving LDH-chromophore hybrids had been done,13-

19 however, most of them emphasised on the luminescence 

property of organic chromophores themselves rather than 

LDH layers, because these layers are generally not 45 

photoactive thus only serving as inorganic matrices for 

organics. So far, the synergetic effect of organic 

chromophores and inorganic 2D matrices containing 

photoactive ions such as Eu3+ or Tb3+ has not been established. 

Layered rare earth hydroxides (LRHs), a newly emerging 50 

class of 2D materials structurally similar to LDHs, have 

attracted increasing attentions of researchers.20-26 The 

lanthanide elements introduced in the host layers can offer 

multifunctional materials applied in more fields such as 

luminescence, adsorbents, magnets and catalysis.10, 27-29 To 55 

date, some studies have focused on the incorporation of 

organic sensitizers with LRHs to develop new photofunctional 

materials,30-33 including our work on intercalation of organic 

compounds into Eu-containing LRHs (LEuH, LYH:Eu and 

LGdH:Eu).34-36 But most of these studies investigated the 60 

sensitization or quenching effect of organic compounds on the 

luminescence of layer ions such as Eu3+ and Tb3+. It is noted 

that if there exists spectra overlap between emission and 

excitation spectrum of the two interacted components, energy 

transfer would occur,37 and the synergetic energy transfer 65 

effect between photoactive lanthanide ions in the host layer 

and interlayer organics may bring about fantastic 

luminescence behaviors, however, there has been a lack of 

studies focusing on this field, except our recent work on 

LEuH-chromophore hybrids.38 70 

Coumaric acid is a kind of organic phenolic acids with 

biological activity, among which the para-coumaric acid (abbr. 

p-CMA) has a large number of applications on medicine and 

agriculture,39-41 and ortho-coumaric acid (abbr. o-CMA) is 

one of the best phenolic acids that inhibit intracellular 75 

triglyceride and glycerol-3-phosphate dehydrogenase (GPDH) 
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activity.42 The o-CMA and p-CMA are structurally similar 

with the same hydroxyl and carboxyl groups but the two 

groups locate at different positions, thus possibly giving rise 

to versatile intercalation structure and varied luminescence 

properties. In this work, we introduce the o-CMA and p-CMA 5 

(Scheme S1) into the gallery of LEuH/LGdH, to investigate 

the intercalation structure and luminescence property. We 

demonstrate here, distinct green emission observable for o-

CMA-LGdH composites, while co-quenching effect for o-

CMA-LEuH composites. The p-CMA-LGdH display blue 10 

emission, in contrast to the weak emission for p-CMA-LEuH. 

The addition of an anionic surfactant of 1-octane sulfonic acid 

sodium (OS) leads to marked blue emissions of composites. 

The present work provides important insight for preparation 

of organic-inorganic hybrid materials with controllable 15 

structure and tunable optical property. 

2. Experimental section 

2.1 Preparation of NO3–LEuH precursor.  

The NO3–LEuH was synthesized via a hydrothermal method 

as previously reported.34, 35 An aqueous solution containing 20 

Eu(NO3)3·6H2O (1 mmol), hexamethylenetetramine (HMT, 1 

mmol), NaNO3 (13 mmol), and deionized water (80 mL) was 

heated at 90 °C for 12 h in a Teflon-autoclave. After the 

product was filtered, washed, and vacuum-dried (40 °C for 24 

h), the NO3–LEuH precipitate was obtained. 25 

The preparation procedure for NO3-LGdH is similar to that 

of NO3–LEuH, using Gd(NO3)3·6H2O to substitute for  

Eu(NO3)3·6H2O. 

2.2 Syntheses of CMA-LRH composites.  

The ion-exchange reactions between NO3
¯ and the organic 30 

anions were processed at 70 C in a Teflon-autoclave. Firstly, 

0.207 g (1.26 mmol) o-/p-CMA and 0.054 g/0.108 g (1.26 

mmol/2.52 mmol) NaOH (corresponding to 1:1 or 2:1 molar 

ratio of NaOH to o-/p-CMA) were mixed to the obtained 

solutions (80 ml) for deprotonation of the organic species. The 35 

NO3–LEuH or NO3–LGdH powder (0.1 g) was dispersed into 

the above solutions, then reacted at 70 C for 24 h in a Teflon-

autoclave. The resulting precipitates were collected by 

filtration, washed with deionized water, and vacuum-dried at 

40 C for 24 h. The as-prepared composites are noted as 40 

CMA-LRH-x, in which x is the molar ratio of NaOH to CMA, 

for example o-CMA-LEuH-1:2 represents the molar ratio of 

o-CMA to NaOH is 1:2. 

2.3 Syntheses of OS-CMA-LEuH composites.  

Firstly, 0.207 g (1.26 mmol) CMA and 0.054 g (1.26 mmol) 45 

NaOH and 0.273 g (1.26 mmol) OS were mixed to obtain 

solutions (80 ml). The NO3–LEuH powder (0.1 g) was 

dispersed into the above solutions, then reacted at 70 C for 

24 h in a Teflon-autoclave. The resulting precipitates were 

collected by filtration, washed with deionized water, and 50 

vacuum-dried at 40 C for 24 h. The as-prepared composite is 

noted as OS-CMA-LEuH-1:1. 

2.4 Luminescence testing conditions for samples. 

0.025 g composites were dispered into 10 mL FM by 

mechanical shaking for 24 h to form colloidal suspensions to 55 

conduct the luminescence measurements. For organics of o-

CMA and p-CMA, NaOH is added to make them deprotonated 

to make them deprotonated, and when dissolved in FM, 

solutions for them were obtained.  

2.5 Characterization Techniques.  60 

The powder X-ray diffraction (XRD) patterns were collected 

by using a Phillips X’pert Pro MPD diffractometer with Cu-

K radiation at room temperature, with a step size of 0.0167°, 

scan time of 15 seconds per step, and 2θ ranging from 4.5 to 

70 °. The generator setting was 40 kV and 40 mA. For the 65 

small degrees, the XRD patterns were measured at room 

temperature with step size of 0.008 °, scan time of 30 seconds 

per step. Fourier transformed infrared (FT–IR) spectra of the 

samples were recorded on a Nicolet-360 Fourier-Transform 

infrared spectrometer by the KBr method. Scanning electron 70 

microscope (SEM) observations were carried out by using a 

Hitachi S-4800 microscope at 5.0 kV. Luminescence spectra 

were obtained on a Cary Eclipse spectrofluorimeter and 

Shimadzu RF-5301PC spectrofluorimeter. 

The metal ion contents were determined by inductively 75 

coupled plasma atomic emission spectroscopy (ICP-AES, 

Jarrel-ASH, ICAP-9000) after the solid products were 

dissolved in a 0.1 M HNO3. C, H and N contents were 

determined by using an Elementar vario EL elemental 

analyzer. The chemical formula of the products were 80 

determined based on the results of ICP and CHN analyses. 

3. Results and Discussion 

3.1 Structure analyses of the as-prepared composites.  

Fig. 1 shows the XRD patterns of NO3–LEuH/LGdH 

precursors and the composites. As shown in Fig. 1, the basal 85 

spacing (dbasal) of 0.83/0.82 nm for LEuH/LGdH is the same 

as we previously reported.34, 35 The o-CMA-LEuH-1:1 

composite (Fig. 1A-b) has a dbasal value of 2.12 nm, 

corresponding to a series of (00l) reflections at 2.12, 1.07, 

0.72, and 0.54 nm. When the molar ratio of o-CMA to NaOH 90 

is increased to be 1:2, the XRD pattern of the obtained 

composite o-CMA-LEuH-1:2 (Fig. 1A-c) shows a dbasal value 

of 1.24 nm, and there is no reflection in the range of small 

angle. On the basis of the layer thickness of LRH (0.65 nm),34 

the gallery height for o-CMA-LEuH-1:1 is ca. 1.47 nm (= 95 

2.12-0.65), which corresponds to an alternating bi-layered 

tilted arrangement (Scheme 1b), considering the o-CMA 

height of 0.82 nm with a size of 0.820.460.31 nm. The 

gallery height for o-CMA-LEuH-1:2 is ca. 0.59 nm (= 1.24-

0.65), so the o-CMA molecules may be placed horizontally in 100 

the interlayer, corresponding to a monolayer and horizontal 

arrangement (Scheme 1d). The o-CMA-LEuH-1:2 relate to 

duple NaOH would have a stronger affinity of the gallery 

anions to the layer, thus leading to a decreased dbasal.  

For p-CMA, at an equimolar ratio of p-CMA to NaOH (p-105 

CMA-LEuH-1:1), although a new peak at 1.25 nm appears 

(Fig. 1A-d), the reflection of NO3-LEuH precursor at 0.82 nm 

is dominant, suggesting the exchange reaction is not complete. 
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The 1.25 nm peak means an intercalated phase of 2.4-2.5 nm 

dbasal (the 1.25 nm peak may be its (004) inflection) may be 

present, but its amount is too little that this phase cannot be 

detected by XRD. As shown in the XRD patterns (Fig. S1, 

ESI†), the changed reaction conditions such as elongated time 5 

or higher temperature did not give obvious improvement for 

the exchange degree. The variant intercalation results of o-

CMA and p-CMA under the same reaction condition show 

their structure nature plays a key role for the intercalation. 

The o-CMA and p-CMA have different structural 10 

characteristics though they have the similar groups. The o-

CMA molecules can form a ring type via intramolecular 

hydrogen bonds, while p-CMA would only form 

intermolecular hydrogen bonds. Compared with o-CMA, the 

stronger intermolecular hydrogen bonding interactions in p-15 

CMA molecules may give rise to a weaker reaction affinity 

with the LRH layers.  

When the molar ratio of NaOH to p-CMA and is increased 

to 2:1, the obtained composite p-CMA-LEuH-1:2 (Fig. 1A-e) 

reveals a dbasal value of 1.48 nm, with series of (00l) 20 

reflections at 1.48, 0.77, 0.52 and 0.38 nm. Considering the p-

CMA size of 0.840.440.31 nm, the gallery height of ca. 

0.83 nm (= 1.48-0.65) for p-CMA-LEuH-1:2 corresponds to a 

monolayer vertical arrangement (Scheme 1e). In contrast to 

the horizontal arrangement of o-CMA with the same 25 

NaOH/CMA molar ratio of 2:1 above mentioned, the vertical 

orientation for p-CMA in the interlayer is probably due to the 

two negatively-charged -COOˉ and -Oˉ groups locating on the 

opposite positions of the molecule. One of the two groups 

may be anchored to each face of the LRH layer, thus favoring 30 

the vertical orientation, as found in our reported LDH 

composites.43 Most of the XRD patterns of CMA-LGdH 

composites (Fig. 1B) are similar to those of LEuH composites, 

except the p-CMA-LGdH-1:1 (Fig. 1B-d) with a 1.42 nm dbasal, 

which demonstrates that different LRH layers sometimes 35 

produce slightly various intercalation structure. 

In addition, after OS is added, the obtained composites 

exhibit different structures (Scheme 1c and 1f). As shown in 

Fig. 1A-f,f’, OS-o-CMA-LEuH-1:1 is a pure phase showing a 

dbasal of 2.12 nm, with a series of (00l) reflections at 2.12, 1.06, 40 

0.72 and 0.53 nm. However, OS-p-CMA-LRH (Fig. 1A-g,g’) 

reveals a mixture of three phases with three dbasal values of 

2.28, 1.98 and 1.30 nm. The much enlarged dbasal for the 

composites demonstrate the long chained OS anions mainly 

support the LRH gallery. The ring type structure for o-CMA 45 

formed by intramolecular hydrogen bonds may help give a 

pure intercalated phase, while the p-CMA with much freedom 

for structural twist would bring about the varied intercalated 

phases especially in the presence of the surfactant OS. 

Based on ICP, CHN analyses and charge balance 50 

considerations, the compositions of the LEuH precursor and 

the as-prepared composites were estimated as shown in Table 

1. The chemical formula of the NO3–LEuH/LGdH precursors 

are determined as Eu(OH)2.41(NO3)0.49(CO3)0.05·0.8H2O and 

Gd(OH)2.42(NO3)0.42(CO3)0.08·0.9H2O. In the composites, the 55 

contents of CMA in CMA-LRH-1:1 is two folds of that in 

CMA-LRH-1:2, which is in agreement with the valences of 

the CMA relate to the equimolar and duple NaOH. In p-CMA-

LEuH-1:1, the significant amount of NO3
¯ shows the 

incomplete ion-exchange, coincident with the XRD results 60 

discussed above. In addition, there are some CO3
2− found in 

the compositions. CO3
2− in the precursors should originate 

from the decomposition of the hexamethylene tetramine 

(HMT) during the hydrothermal reaction, while the CO3
2− in 

the composites would result from the incomplete exchange of 65 

the introduced organic species and the starting anions. 

3.2 IR and morphology of the as-prepared composites.  

Fig. 2 show the FT-IR spectra of the precursors and 

composites. For NO3–LEuH/LGdH (Fig. 2a,b), the sharp and 

strong absorption peak at 1384 cm-1 is characteristic of 3 70 

vibration mode of free NO3ˉ.44 For o-CMA (Fig. 2c), the 

bands at 1668 and 1461 cm-1 are ascribed to as and s 

vibrations of -COOH group. The band at 1617 cm-1 is the 

stretching vibration of the –C=C band. After forming 

composites, for o-CMA-LEuH/LGdH-1:1 (Fig. 2e,i), the 75 

bands at 1520/1522 and 1423/1420 cm-1 are assigned to the as 

and s vibrations of deprotonated –COOˉ group, and the 

deprotonation of -COOH results in the red shift. The bands at 

1633/1630 cm-1 are the stretching vibration of –C=C band. For 

o-CMA-LEuH/LGdH-1:2 (Fig. 2f,j), the as and s vibrations 80 

of –COO¯ appear at 1526/1522 and 1384 /1385 cm-1, 

respectively, and the bands at 1623/1630 cm-1 are related to 

the C=C vibrations.  

For p-CMA (Fig. 2d), the as and s vibrations of -COOH 

appear at 1672 and 1448 cm-1, the C=C vibration is present at 85 

1601 cm-1, as well as the vibration of benzene ring at 1512 

cm-1. After intercalation, the as and s vibrations of -COOˉ

occur at 1607/1598 cm-1 and 1384/1420 cm-1 for p-CMA-

LEuH/LGdH-1:1 (Fig. 2g, k). The as and s vibrations of -

COOˉoccur at 1593/1598 cm-1 and 1384/1385 cm-1 for o-90 

CMA-LEuH/LGdH-1:2 (Fig. 2h, l). The vibrations for C=C 

appear at around 1630 cm-1 and that for benzene ring are 

around 1510 cm-1 in the composites. The peaks 600 cm-1 

ascribed to Eu/Gd–O vibrations34 also verify the formation of 

the layered composites.  95 

Fig. 3 presents typical SEM images of the layered materials. 

NO3–LEuH precursor (Fig. 3a,a’) is mainly crystallized into 

elongated hexahedron platelets with edge lengths up to 5×20 

μm2. Most of the composites (Fig. 3b-e’) remain the 

hexagonal plate-like morphology, and some grow into 100 

columnar or flower-like aggregates. These morphologies were 

observed in our precious work.34, 35 

3.3 Luminescence property of composites in solid state.  

Fig. 4 show the powder excitation and emission spectra of 

LEuH, o-CMA and o-CMA-LRH composites. The excitation 105 

spectra of LEuH (Fig. 4A-a) is monitored from the intra–4f6 

emission (5D0–
7F2, λem = 614 nm) of Eu3+, and the sharp peak 

at 395 nm is due to intra-ionic transition 7F0–
5L6 of Eu3+. The 

emission spectrum of NO3–LEuH (Fig. 4B-a) is measured 

using the excitation wavelength of 395 nm of Eu3+. Typical 110 

emission peaks are observed at 580, 589/595, 613, 654, and 

698 nm, assigned to 5D0–
7FJ (J = 0, 1, 2, 3, 4) radiative-

relaxational transitions of Eu3+.45 For the o-CMA-Na in solid 

state, there exists an excitation peak at 420 nm (Fig. 4A-b), 
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corresponding to the cyan emission peak at 475 nm (Fig. 4B-

b). However, in o-CMA-LEuH composites, neither emissions 

of layer Eu3+ nor emission of CMA is observable (Fig. 4B-c,d), 

revealing a co-quenching phenomenon, in well agreement 

with the unobserved excitation (Fig. 4A-c). 5 

For composite o-CMA/NaOH-1:1, the o-CMA has one –OH 

group without deprotonation, so the quenching effect may be 

ascribed to the significant nonradiative relaxation channels 

provided by the high-energy vibration of –OH group.46, 47 For 

CMA:NaOH ratio of 1:2, the –OH of CMA would also be 10 

deprotonated, thus the alike quenching suggests should be 

ascribed to an energy transfer existing in the system. For the 

energy transferring process, a suitable interaction between 

absorption and emission centers would exist.21 There is 

certain overlap for the excitations for Eu3+ (250-550 nm, Fig. 15 

4A-a) and emission of o-CMA-Na (400-600 nm, Fig. 4B-b), 

which mean that there is energy transfer between the layer 

Eu3+ and CMA anions causing the co-quenching. Meanwhile, 

the high-energy vibration of -OH of o-CMA anions will also 

compete the provided energy to produce nonradiative 20 

relaxation channels, thus accelerating the co-quenching. 

Similar co-quenching phenomenon for LEuH-HPTS 

composite was also found in our previous work.38  

To investigate the function of other layer ions, LGdH layer 

is used to check the luminescence behavior. Fig. 4C showed 25 

the powder excitation spectra of o-CMA-LGdH composites, 

demonstrating obvious excitations at 429 nm for the o-CMA-

LGdH-1:1 and 408 nm for o-CMA-LGdH-1:2. Under the 

excitation at these above wavelengths, obvious green emission 

at 523 nm for o-CMA-LGdH-1:1 and 516 nm for o-CMA-30 

LGdH-1:2 are observable (Fig. 4D). The emissions within 

LGdH layers reflect mainly the luminescence of o-CMA, for 

which the emission shifts from cyan to green originate from 

the changed microenvironment of o-CMA provided by the 

LGdH layers. In addition, the emission intensity for o-CMA-35 

LGdH-1:1 is stronger than that of o-CMA-LGdH-1:2, 

attributed to the increscent emission centers and absorption 

cross section of o-CMA in o-CMA-LGdH-1:1. This is in 

agreement with the compositions of the composites as shown 

in Table 1. Herein, the observable emission of organics 40 

indicates the LGdH layers play an important role in 

preventing intermolecular interactions of organics and their  

aggregation within host layers, as acted by LDH layers.48 The 

rigid and enclosed environment provided by the LRH layers 

confines the internal mobility and flexbility of the interlayer 45 

guests, especilaly the CMA molecules with near-plane 

configuration, thus promoting the CMA emission. Gd3+ can 

increase the absorbance of the host and the interactions 

between host and guests, as found in the previous work for L-

LTbH:Gd (L is a carboxylic acid sensitizer), the vast majority 50 

of UV absorption was initially performed by the LTbH:Gd 

host rather than by the sensitizer L.30 In contrast, the LEuH 

layer here exhibits different function such as the energy 

transfer contributing to co-quenching.  

3.4 Luminescence of o-CMA-LRH composites in FM.  55 

The luminescent property of o-CMA-Na solution and the 

colloidal suspensions of the composites dispersed in FM were 

investigated systematically. The emission spectrum for all the 

composites was obtained under 365 nm the same as the 

normal UV light. The luminescence of o-CMA-LEuH 60 

composites in FM cannot be observered (Fig. 5A-a,b), while 

the LGdH composites display bluish green (496 nm) for o-

CMA-LGdH-1:1 and green emission (517 nm) for o-CMA-

LGdH-1:2 (Fig. 5A-c,d). The x and y emission color 

coordinates of o-CMA-LGdH composites in the 1931 CIE 65 

chromaticity diagram is depicted in Fig. 5A. Their emission 

color is in agreement with the emissions. 

For the OS added composite of OS-o-CMA-LEuH-1:1, we 

measued its luminescence when dispersed it in FM. Under the 

excitation wavelength of 365 nm, OS-o-CMA-LEuH-1:1 (Fig. 70 

5B-a) displays blue emission at 464 nm, forming distinct 

contrast to the green light of the LGdH composites and free o-

CMA anions in FM (Fig. 5B-b). Fig. 5B shows the CIE of the 

OS-o-CMA-LRH composite, which is in agreement with the 

emission band of the corresponding composite. Here the 75 

introduction of OS brings about the change of the emission 

position and intensity, demonstrating the important function 

OS acts. As we know, surfactants can alter the aggregation of 

photoactive species.49 The surfactant (here is OS) would 

dilute/isolate CMA anions so as to prevent their aggregation 80 

that weakens the luminescence.50-53 In present system, the OS 

serving as an anionic sufactant affects not only  the emission 

intensity but also the peak position, in comparasion with the 

resluts reported by Ramon et al.54 The altered emission 

position may be owing to a microenvironment change of o-85 

CMA anions when OS interacted with o-CMA and the 

positive-charged LEuH layers. Some supramolecular 

structures via intermolecular interactions between rigid CMA 

and flexible OS anions may also be formed thus casuing the 

change of the molecular configuration and steric arrangement 90 

of o-CMA as found in other compounds,53, 55 so as to alter the 

energy levels of o-CMA further the luminescence behaviors. 

In addition, the surfactants play a key role in the delamination 

of the composites. As known, anionic surfactants such as 

sodium dodecyl sulfate (DS) with long aliphatic chains were 95 

conducive to perform the delamination of LRHs.45, 56 In our 

recent work, we found the surfactant OS with short-chains can 

also help achieve the one-step delamination of the 

composites.38 Now the same delamination phenomenon 

happens. During this case, the delaminated LEuH nanosheets 100 

with high freedom could combine with the o-CMA anions as 

close as possible via electrostatic interactions, thus generating 

the distinct emission results. 

3.5 Luminescence of p-CMA-LRH composites in FM.  

The luminescent property of p-CMA-LRH composites in FM 105 

were investigated under the exciatation of 365 nm (Fig. 6A), 

The p-CMA anions in FM solution displays green emission at 

499 nm, while the p-CMA-LGdH composites present blue 

emission at 457 nm, meanwhile, the p-CMA-LEuH 

composites showed no emissions. In the case with OS addition, 110 

the obtaiend compoiste of OS-p-CMA-LEuH-1:1 gives violet 

emission around 422 nm (Fig. 6B). The colors in CIE 

chromaticity diagram are in agreement with the emission 

peaks (Fig. 6A, B). The reason for the enhanced emission 
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intensity and the changed peak position in the presence of OS 

may be the same as that discussed for the OS-o-CMA-LEuH 

compsoite. In both of the two cases for o-CMA and p-CMA, 

the OS added composites revealed evident emission 

enhancement and blue shift, which may result from the change 5 

of the microenvironments of the photoactive CMA anions. As 

shown in the excitation spectra (Fig. S2, ESI†) of the 

composites before and after OS addition, the different 

excitation wavelengths mean varied chemical environment of 

CMA, which contributes to the different luminescence 10 

behaviors. 

3.6 Luminescence mechanism of the compsoites in solid 

state and colloidal state.  

As discussed above, in solid state, for o-CMA-LGdH 

composites, the confinement effect of the host LGdH layer 15 

makes the o-CMA luminescence observable. However, for the 

o-CMA-LEuH composites, certain energy transfer between 

layer Eu3+ ion and CMA anions results in the co-quenching. 

The overlap between the excitation and emissions of Eu3+ and 

o-CMA may account for the mutual energy transfer. 20 

Meanwhile, the high-energy vibration of -OH of o-CMA 

anions will also compete the provided energy to produce 

nonradiative relaxation channels, thus accelerating the co-

quenching. In FM, the host layers are present at a delaminated 

state and the positively-charged LRH layers would provide an 25 

unique arrangement and microenvironment for CMA anions 

that adhere to the LRH layers through electrostatic 

interactions. Compared with that in solid state, the 

confinement effect by LRH layers for CMA under the 

delaminated state is markedly weakened and the electrostatic 30 

interaction among them becomes dominant. All these 

contribute to the different luminescence behaviors. In addition, 

the varied layer ions such as Eu3+ and Gd3+ give rise to 

different luminescence behaviors though at the same condition, 

which highlights the function of host layer ions. The LGdH 35 

layer may help adsorb the energy and function as a host bridge 

that transfer enegy to CMA, while the LEuH layer might 

competitively adsorb the energy thus weakening the emission 

of CMA.  

4. Conclusions 40 

In summary, the o-CMA and p-CMA are intercalated into the 

LRHs (R = Eu, Gd) by ion exchange to form versatile 

intercalation structures. The CMA anions within the interlayer 

adopt monolayered or bi-layered arrangements depending on 

the degree of deprotonation following the amount of NaOH 45 

added. The composites exhibiting tunable fluorescence 

behaviors depending on the state and layer ion type. In solid 

state, layer confinement effect and energy transfer result in 

co-quenching for Eu3+ and CMA emissions, while for LGdH 

layers, the composites display mainly the luminescence of 50 

CMA. In FM, LEuH layers still exhibit no luminescence, 

while LGdH layers present green emission for o-CMA-LGdH 

and blue emission for p-CMA-LGdH, showing enhanced or 

different emission from free CMA anions. The addition of 

surfactant OS helps the complete delamination of the 55 

composites, which leads to emissions with large blue shift. 

Thus, the confinement effect of LGdH layer enhances 

emissions of interlayer CMA emisssion, the energy transfer 

between layer Eu3+ and CMA results in the co-quenching. The 

introduction of surfactant OS causes the blue shift of 60 

emissions for LEuH layers, which arises from the change of 

microenvironment of CMA in completely delaminated state. 

This study is expected to open a new field of LRHs for 

fabricating color-tuning inorganic-organic luminous materials 

via adjusting the structure or microenvironment of photoactive 65 

organics.  
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Table 1. Chemical compositions for LEuH/LGdH precursor and the composites.  

Samples Chemical formula 
Wt %, Found (Calcd.) 

Eu/Gd C H N 

NO3–LEuH Eu(OH)2.41(NO3)0.49(CO3)0.05·0.8H2O 
62.00 

(62.50) 

0.27 

(0.25) 

1.63 

(1.73) 

2.81 

(2.88) 

o-CMA-LEuH-1:1 Eu(OH)2.41(C9H7O3)0.59(C9H8O3)0.02·0.8H2O 
50.60 

(49.33) 

22.00 

(20.68) 

2.74 

(2.67) 
- 

o-CMA-LEuH-1:2 Eu(OH)2.41(C9H6O3)0.265(CO3)0.03·1.0H2O 
60.30 

(59.52) 

10.89 

(11.21) 

2.48 

(2.33) 
- 

p-CMA-LEuH-1:1 Eu(OH)2.41(C9H7O3)0.48(C9H8O3)0.08 (NO3)0.11·1.0H2O 
49.41 

(49.24) 

17.70 

(16.81) 

2.75 

(2.49) 

0.55 

(0.50) 

p-CMA-LEuH-1:2 Eu(OH)2.40(C9H6O3)0.30·1.33H2O 
58.25 

(57.29) 

12.56 

(12.14) 

2.68 

(2.59) 
- 

NO3–LGdH Gd(OH)2.42(NO3)0.42(CO3)0.08·0.95H2O 
64.04 

(63.82) 

0.42 

(0.39) 

1.92 

(1.78) 

2.40 

(2.39) 

o-CMA-LGdH-1:1 Gd(OH)2.42(C9H7O3)0.575(C9H8O3)0.066(NO3)0.005·1.1H2O 
47.92 

(48.63) 

20.11 

(19.22) 

2.64 

(2.68) 

0.02 

(0.02) 

o-CMA-LGdH-1:2 Gd(OH)2.42(C9H6O3)0.26(NO3)0.0017(CO3)0.05·0.6H2O 
62.88 

(62.11) 

9.79 

(10.20) 

2.24 

(2.05) 

0.01 

(0.01) 

p-CMA-LGdH-1:1 Gd (OH)2.42(C9H7O3)0.56(NO3)0.023·0.88H2O 
50.14 

(51.24) 

18.88 

(19.68) 

2.53 

(2.64) 

0.10 

(0.10) 

p-CMA-LGdH-1:2 Gd (OH)2.42(C9H6O3)0.26(NO3)0.004(CO3)0.03·0.7H2O                                                                                                                                                                                                                                           
61.60 

(61.29) 

10.17 

(10.87) 

2.23 

(2.14) 

0.02 

(0.02) 
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Fig. 1 (A) Powder XRD patterns of precursor NO3-LEuH (a), composites o-CMA-LEuH-1:1 (b,b’), o-CMA-LEuH-

1:2 (c), p-CMA-LEuH-1:1 (d), p-CMA-LEuH-1:2 (e), OS-o-CMA-LEuH-1:1 (f,f’), OS-p-CMA-LEuH-1:1 (g,g’). (B) 

XRD patterns of precursor NO3-LGdH (a), composites o-CMA-LGdH-1:1 (b, b’), o-CMA-LGdH-1:2 (c), p-CMA-5 

LGdH-1:1 (d), p-CMA-LGdH-1:1 (e). The d-values are given in nanometers. 

 

Fig. 2 FT-IR spectra of precursors NO3-LEuH (a), NO3-LGdH (b), o-CMA (c), p-CMA (d), and composites o-CMA-

LEuH-1:1 (e), o-CMA-LEuH-1:2 (f), p-CMA-LEuH-1:1 (g), p-CMA-LEuH -1:1 (h), o-CMA-LGdH-1:1 (i), o-CMA-

LGdH-1:2 (j), and p-CMA-LGdH-1:1 (k), p-CMA-LGdH -1:1 (l).  10 
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Fig. 3 SEM images of precursor NO3-LEuH (a, a’), and composites o-CMA-LEuH-1:1 (b, b’), o-CMA-LEuH-1:2 (c, 

c’), p-CMA-LEuH-1:1 (d, d’), p-CMA-LEuH-1:1 (e, e’).  

 5 

 

 

Fig. 4 (A) Powder excitation spectra of LEuH (a), o-CMA-Na (b) o-CMA-LEuH-1:1 (c). (B) Powder emission 

spectra of LEuH (a), o-CMA-Na (b) o-CMA-LEuH-1:1 (c) and o-CMA-LEuH-1:2 (d). (C) Powder excitation spectra 

of o-CMA-LGdH-1:1 (a), o-CMA-LGdH-1:2 (b). (D) Powder emission spectra of o-CMA-LGdH-1:1 (a), o-CMA-10 

LGdH-1:2 (b). The insets are corresponding photographs under 365 nm UV irradiation.  
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Fig. 5 (A) Emission spectra of o-CMA-LEuH composites in FM: o-CMA-LEuH-1:1 (a), o-CMA-LEuH-1:2 (b), o-

CMA-LGdH-1:1 (c), o-CMA-LGdH-1:2 (d). (B) Emission spectra of OS-o-CMA-LEuH-1:1 composite (a) and o-

CMA-Na in FM (b) . (A) and (B) are CIE 1931 chromaticity diagrams of corresponding samples of (A) and (B) 

showing the photoluminescence color. The insets are corresponding photographs under 365 nm UV irradiation.  5 

 

 

Fig. 6 (A) Emission spectra of samples in FM: p-CMA-LEuH-1:1 (a), p-CMA-LEuH-1:2 (b) p-CMA-LGdH-1:1 (c), 

p-CMA-LEuH-1:2 (d), and p-CMA-Na (e). (B) Emission spectra of OS-p-CMA-LEuH-1:1 (a). (A) and (B) are CIE 

1931 chromaticity diagrams of responding samples of (A) and (B) showing the photoluminescence color. The insets 10 

are corresponding photographs under 365 nm UV irradiation.  
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Scheme 1. Arrangements of gallery species in the composites: (a) NO3-LRH, (b) o-CMA-LRH-1:1, (c) OS-o-CMA-

LRH-1:1, (d) p-CMA-LRH-1:1, (e) p-CMA-LRH-1:2, (f) OS-p-CMA-LRH-1:1. 
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