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A conjugated porphyrin as a red-light sensitizer for near-infrared 
emission of ytterbium (III) ion 
Dinesh Balasooriya,a§ Beibei Liu,a§ Hongshan He,*a Andew Sykesb and P. Stanley May b

A conjugated porphyrin with broader absorption in the visible region was synthesized for sensitizing the near-infrared 
emission of ytterbium (III) ion. The 4-ethynylbenzoic acid was linked to the meso position of a 5,15-dimesitylporphyrin 
resulting in a conjugated porphyrin, which has strong absorption in the visible region with an onset of up to 670 nm. After 
forming a complex with ytterbium (III) acetate and 1,10-phenanthroline in sulfolane,  the absorption edge shifted to  650 
nm with a peak absorption at 615 nm. It was found the fluorescence from porphyrin in the visible region was almost 
diminished in the complex. Upon excitation at a wavelength above 600 nm, the complex showed characteristic emission at 
980 nm from ytterbium (III) ion with a lifetime of 12.0 s in dichloromethane. The NIR emission was also observed in 
DMSO/water (1:1) upon excitation at 633 nm, demonstrating its potential for biological applications.

Introduction
Near-infrared (NIR, 900 – 1600 nm) emission from lanthanide 
ions (Yb3+, Er3+, and Nd3+) has potential for the detection of 
biological substrates when being employed as read-outs from a 
luminescent probe.1, 2 Compared to conventional visible 
emission from organic probes, NIR probes offer great 
advantages including low background signal due to low NIR 
emission from biological substrates,3 which could potentially 
lead to increased signal-to-noise ratio for more sensitive 
detection.4 Sharp and fixed emission wavelengths also provide 
a convenient window for monitoring the signal at different 
samples. For example, ytterbium (III) emits at 980 nm with a 
narrow full width due to the inner 4f - 4f transition nature.5 This 
wavelength is almost unaffected by solvents, ligands, or 
coordination geometry. Lastly, the long decay lifetime (typically 
in tens of microseconds for ytterbium) also provides an 
alternative to increase the sensitivity through time-gated 
spectroscopy.6 A common strategy to obtain NIR emission 
from a lanthanide ion is to form a complex with a sensitizer. The 
sensitizer absorbs the photons and transfers the energy to the 
excited states of the lanthanide for emission.6 The sensitizer is 
typically an organic compound. Over the last two decades, 
numerous ligands and their lanthanide complexes have been 
synthesized and their NIR emission properties have been 
examined.7-23 However, low emission efficiency and weak 
absorption in the red-light region are still the bottleneck for 
biomedical applications.

Tetradentate porphyrin with strong absorption in the visible 
region is a good candidate for sensitizing lanthanide ions.24 
Since lanthanide ion is too big to fit inside the porphyrin ring, it 
usually sits above the porphyrin ring with four nitrogen atoms 
binding tightly to the lanthanide ion. Stability of the resulting 
complexes can be further enhanced by coordination of auxiliary 
ligands  such as ß-diketonate,25-29 hydroxide, chloride,30 1,10-
phenanthroline,31, 32 8-hydroxylquinoline,10, 33-35 
(cyclopentadienyl)tris(dimethylphosphito)cobaltate(I)),36-38 
acetate,31, 39  and hydridotris-(pyrazol-1-yl)borate,40, 41 The 
auxiliary ligands usually do not absorb in the visible region; 
therefore, porphyrin is the only sensitizer. In a recent study, we 
found BODIPY chromophore can act as an auxiliary ligand to co-
sensitize Yb3+ for its NIR emission.42 Its strong absorption at 510 
nm complements the absorption of porphyrin. One of the 
remaining challenges is how to extend the absorption of the 
complex to longer wavelengths to ensure the near-infrared 
emission is achievable upon excitation of red-light. It should be 
emphasized that the red-light excitation is beneficial to medical 
diagnosis due to the low photobleaching effect to substrates.43, 

44 The better penetration of red-light in biological tissues is also 
beneficial to in vivo imaging. 

Recently, several lanthanide complexes of porphyrins and 
porpholactones with strong absorption in the red-light region 
have been reported. Borbas et al 45 studied a series of Yb3+ and 
Nd3+ complexes of dipicolinic acid ligand having either one or 
three chlorin chromophores. In comparison to previous 
designs,46-48 the direct linkage of chlorin to the dipicolinic acid 
facilitated the sensitization process. It was found that these 
complexes can be excited effectively in THF/water by the visible 
light up to 650 nm with the characteristic emission in the NIR 
region (980 nm for Yb3+ and 1064 nm for Nd3+) being observed. 
Zhang et al 21, 49-56 explored various fluorinated porphyrins and 
porpholactones as sensitizers for the NIR emission of Yb3+ and a 
high quantum yield (63%) was obtained for a partially 
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deuterated complex in CD2Cl2 upon excitation at 425 nm.21 
When the fluorinated porphodilactones were employed, the 
absorption of the complex extended to 636 nm( for cis-isomer) 
and 666 nm (for trans-isomer) enabling the potential of these 
complexes for NIR emission under red-light excitation.56   Wong 
et al 57 conjugated a BODIPY functionalized ethynylphenyl group 
to a meso position or -position of a porphyrin ring and the 
resulting Yb3+ complexes showed absorption at 624 nm. Further 
modification of porphyrin by a hydrophilic tetra(ethylene glycol) 
chain with a terminal cationic triphenylphosphonium group led 
to a water-soluble Yb3+ complex that can be used for two-
photon tumor imaging.58 In this report, we presented an 
alternative approach to conjugate a 4-ethynylbenzoic acid to a 
meso position of 5,15-dimesitylporphyrin and its ytterbium (III) 
complex as shown in Fig. 1. The absorption spectrum of the 
resulting complex was significantly broadened enabling 
sensitization of the Yb3+ emission with red-light.

Fig. 1 Synthesis of YbDMP-COOH. Reaction conditions: (a) 
Yb(CH3COO)3∙6H2O, sulfolane, N2, reflux, 20 minutes; 1,10-phenanthroline, 
70 oC, overnight; (b) N-bromosuccinimide (NBS), dichloromethane, 0 oC, 5 
hours; (c) 4-ethynylbenzoic acid, THF, [Pd(PPh3)4], CuI, Et3N, 70 oC, pressure 
tube, 48 hr; (d) dichloromethane, TFA, r.t.

Experimental Section

Reagent and General procedures

All reagents and solvents were purchased from commercial 
sources and used without further purification unless otherwise 
stated. 2,3-Dichloro-5,6-dicyano-1,4-benzoquinone (DDQ) was 
supplied by Biosynth International, Inc. Tetrahydrofuran (THF), 
dimethylformamide (DMF), deuterated chloroform (CDCl3), N-
bromosuccinimide (NBS), copper(I) iodide (CuI), 
tetrakis(triphenylphosphine)palladium (0) (Pd(PPh3)4), 2,4-
dimethylpyrrole  and mesitaldehyde were purchased from 
ACROS Organics and used directly without further purification. 
2,2ˊ-dipyrrolmethane was synthesized based upon a method 
developed in our lab and its structure was confirmed by 1H 
NMR. The 230-400 mesh silica gel was purchased from Dynamic 
Adsorbents, Inc.  1H NMR spectra were recorded on a 400 MHz 
Bruker Avance II-NMR spectrometer, using ACROS Organics 

chloroform-d 99.8% D, containing 0.03% (v/v) TMS as the 
internal reference. All 1H NMR signals were referenced to TMS. 
The chemical shifts were reported in parts per million (ppm). 
For the signal splitting, the following abbreviations are used: s, 
singlet; d, doublet; t, triplet; m, multiplet; bs, broad singlet. UV-
Vis absorption spectra were performed on a Cary 100 Series UV-
Vis Dual Beam spectrophotometer over a range of 200 - 800 nm. 
5,15-Dimesitylporphyrin (DMPH2) and 5-bromo-10,20-
dimesiylporphyrin (Br-DMP) were synthesized according to a 
literature method59 and its structure was confirmed by 1H NMR.   

Synthesis of DMPH2-COOH

To a 50 mL Shlenk flask was added Br-DMPH2(0.10 g, 0.16 mmol) 
4-ethynylbenzoic acid (0.046 g, 0.32 mmol),  Pd(PPh3)4 (10 mg, 
0.0086 mmol, 5%), CuI (1.6 mg, 0.0086 mmol, 5%) and  Et3N (2 
mL) in THF (20 mL) in a pressure tube inside the glovebox. The 
pressure tube was sealed and heated at 80oC for two days. 
Major band was collected after flushing with CHCl3:MeOH 
200:1.  Yield: 85 mg, 77%. 1H NMR (400MHz, DMSO-d6) δ 
13.23(s, 1H, kH), 10.47(s, 1H, aH), 9.85 (d, 2H, bH), 9.51 (d, 2H, 
cH), 8.75 (d, 2H, eH), 8.67 (d, 2H, dH), 7.40 (s, hH), 2.67 (s, 6H, iH), 
1.79 (s, 12H, jH), -2.60 (s, 2H, lH). ESI-HR-MS: 691.3058 (M+H) 
(Calcd. 691.3073). 

Synthesis of YbDMP. 
To a 50 mL Shlenk flask was added DMPH2 (0.22 g, 0.40 mmol), 
Yb(CH3COO)3.4H2O (0.21 g, 0.49 mmol) in sulfolane (20 mL). The 
flask was put on a heating block and the mixture was refluxed 
for 45 minutes under nitrogen. Then 1,10-phenanthroline 
(0.160 g, 0.82 mmol) was added when the temperature 
decreased to about 70oC. The solution was magnetically stirred 
at 70 oC overnight. Then, 30 mL dichloromethane (DCM) was 
added to the flask when the temperature of the mixture 
decreased to room temperature. The solution was washed 
twice by water. Organic layer was collected. The solution was 
concentrated to about 10 mL on a rotor evaporator and then 
was loaded to the column for purification. The column was first 
eluted with DCM to remove all unreacted DMPH2, and then with 
DCM/MeOH: 100:5 (V/V). The major band was collected as the 
product. After recrystallization from DCM/MeOH, 0.14 g 
YbDMP was obtained. C52H43N6O2Yb: Calcd. C 66.05, H 4.51, N 
9.06. Found: C 66.35, H 4.63, N 9.28. ESR-MS: 898.2697 (M-
CH3COO) (Calcd. 898.2703).

Synthesis of YbDMP-COOH 

To a 50 mL Shlenk flask was added Br-DMPH2 (0.11 g, 0.17 
mmol), Yb(CH3COO)3.4H2O (0.10 g, 0.26 mmol) in sulfolane (20 
mL). The flask was put on a heating block refluxing under 
nitrogen for 45 minutes. Then added 30 mL dichloromethane to 
the flask when the temperature decreased to room 
temperature and the solution washed by water thoroughly 
twice. After removing all DCM, the solid was collected. After 
drying, the sample was loaded to the column for purification. 
The column was first eluted with DCM to remove all unreacted 
DMPH2-Br, then with DCM/MeOH: 100:10. The major band was 
collected. After removed all solvent, the solid (0.18 g) was 
dissolved in 50 mL toluene, and 1,10-phenanthroline (0.040 g, 

Page 2 of 7New Journal of Chemistry

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



Journal Name  ARTICLE

This journal is © The Royal Society of Chemistry 20xx J. Name., 2013, 00, 1-3 | 3

Please do not adjust margins

Please do not adjust margins

0. 22 mmol) was added and the mixture was stirred overnight 
at room temperature. Then the solvent was removed and added 
methanol to get the solid product (49.7 mg, 0.0483 mmol). The 
solid was dried and transferred to a 50 mL pressure tube and 
ethynylbenzoic acid (7 mg, 0.047 mmol), Pd(PPh3)4 (3 mg, 
0.0024 mmol, 5%), CuI (1.0 mg, 0.0086 mmol, 5%), Et3N (4 mL) 
and dry THF (20 mL) were added inside a glovebox. The tube 
was sealed and refluxed at 80oC for two days. After the tube was 
cooled to the room temperature, all solvent was removed, and 
the sample was loaded on the column for purification using 
DCM/MeOH (100:2). The major band was collected as the 
product. Yield: 14 mg. C61H47N6O4Yb: Calcd. C 66.54, H 4.30, N 
7.63. Found: C 66.40, H 4.51, N 7.56. MS (MALDI): 1042.246 (M-
CH3COO) (Calcd. 1042.291).

X-ray crystallographic analysis 

Single crystals were obtained from slow evaporation of a 
dichloromethane/methanol solution at room temperature. The 
crystals were mounted on glass fiber for data collection. 
Diffraction measurements were made on a CCD-based 
commercial X-ray diffractometer using Mo Kα radiation (λ = 
0.71073 Å). The frames were collected at 100K with a scan width 
0.3˚ in ω and integrated with the Bruker SAINT software 
package60 using the narrow-frame integration algorithm. The 
unit cell was determined and refined by least-squares upon the 
refinement of XYZ-centeroids of reflections above 20θ(I). The 
data were corrected for absorption using SADABS program.61 
The structures were refined on F2 using the SHELX97.62 Crystal 
data for YbDMP·0.65 CH2Cl2·1.82 CH3OH: C54.47 H50.76 Cl1.30 N6 
O3.82 Yb , MW = 1069.66, monoclinic, space group = P21/c, a = 
11.3239(9), b = 16.5128(14), c = 25.834(2) Å, β = 93.6710(10)°, 
V = 4820.7(7) Å3, Z = 4, ρcalcd. = 1.474 Mgm–3, μ = 2.064 mm–1, 
F(000) = 2169, T = 100 (2) K. 47802 reflections were measured, 
of which 8942 were unique (Rint = 0.0477). Final R1 = 0.0608 and 
wR2 = 0.1187 were obtained for 7583 observed reflections with 
I>2σ(I), 609 parameters, and GOF = 1.156. CCDC#: 1944838

Photophysical measurements 

Absorption spectra were obtained on a Cary100 UV-visible 
spectrophotometer at room temperature using a 1-cm quartz 
cuvette. Steady-state and time-resolved spectroscopy studies 
were performed on an FS5 fluorimeter (Edinburg Instruments) 
with a Xenon arc lamp as a light source. For the visible emission 
measurements, the slit width for emission and excitation arms 
was 1 nm. For the NIR emission, the slit width for both emission 
and excitation was 8 nm. The fluorescence quantum yield, , 𝜙𝑥

in the visible region was measured using the following equation:

𝜙𝑥 = 𝜙ST⌊ 𝐺𝑟𝑎𝑑𝑋

𝐺𝑟𝑎𝑑𝑆𝑇⌋[ 𝑛𝑋

𝑛𝑆𝑇]
2

where Grad the gradient from the plot of integrated 
fluorescence intensity vs absorbance of five samples with 
different concentrations, and n is the refractive index of the 
solvents. Rhodamine 6G in ethanol (ΦST = 0.95, λex = 480 nm)63 
was used as a reference for visible emission and YbTPPTpH was 
used as a reference for NIR emission (ΦST = 0.032, λex = 540 
nm).40 The decay curves of the samples were also measured on 
the FS5 (Edinburg Instruments) spectrometer. A laser diode EPL 

375 (Edinburg Instruments) with a wavelength of 375 nm was 
used as a light source. The NIR decay curves were acquired using 
an optical parametric oscillator (OPOTEK Opolette) as an 
excitation source. NIR emission was detected using a 0.3 m flat-
field monochromator (Jobin Yvon TRIAX 320) equipped with a 
NIR-sensitive photomultiplier tube (Hamamatsu R2658P) in a 
cooled housing (Products for Research). All spectra were 
corrected for instrument response. The output from the 
photomultiplier was pre-amplified (Stanford Research SR 445A) 
and fed to a multichannel scaler (Stanford Research SR 430) for 
time-resolved photon counting. The entire system was PC 
controlled using LabView software.

Theoretical calculation 

All calculations were performed at a density functional theory 
(DFT) level using Gaussian 09 software.64 The initial input 
structures were built based upon the crystal structure of a 
similar complex. The ground state geometries of compounds 
were optimized using 6-31G(d) as a basis set for C, H, N, and 
MWB28 for Yb. All other parameters were default set. No 
negative frequency was found in the final optimized structures. 
All calculations were carried out in the SMD model for 
mimicking the solvent effect. The time-dependent (TD) DFT 
calculations were carried out using the same basis sets and 
functional in dichloromethane. The calculated absorption data 
were analyzed by GaussSum software.65   

Results and Discussion

Synthesis and Characterization

The YbDMP-COOH was prepared from a three-step 
synthetic route as shown in Fig. 1. DMPH2 was synthesized 
according to the literature method66 and characterized by 1H 
NMR. It was then refluxed with Yb(CH3COO)3·4H2O in sulfolane 
under a nitrogen atmosphere. The completion of the reaction 
was monitored by thin-layer chromatography. After the 
reaction, two molar equivalents of 1,10-phenanthroline were 
added to the solution at 70 oC and the solution was magnetically 
stirred overnight. After adding dichloromethane, the solution 
was washed successively with water to remove sulfolane and 
the solid was subjected to column chromatography for 
purification. The pure YbDMP was obtained as a purple powder 
after crystallization from methanol. This compound was then 
subjected to the N-bromosuccinimide (NBS) in chloroform to 
afford the YbDMP-Br. In the final step, YbDMP-Br was reacted 
with 1.2 molar equivalents of ethynylbenzoic acid under 
conventional Sonogashira cross-coupling condition in a 
pressure tube for two days to result in the target product 
YbDMP-COOH as a dark green powder. The free ligand DMPH2-
COOH was prepared by either direct bromination of DMPH2 and 
subsequent Sonogashira cross-coupling with ethynylbenzoic 
acid (route 1) or hydrolyzation of YbDMP-COOH in trifluoracetic 
acid/dichloromethane solution (route 2). We found the route 1 
is more convenient and cost-effective. It should be noted that 
the direct reaction between DMPH2-COOH with Yb3+ was 
unsuccessful due to the instability of DMPH2-COOH at high 
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temperature; the ligand was decomposed. The complex 
YbDMP-COOH is quite stable in air and is soluble in DMSO, DMF, 
dichloromethane, chloroform, toluene, slightly soluble in 
ethanol and methanol, and insoluble in hexane and water. Its 
composition was confirmed by elemental analysis and mass 
spectroscopy. The characteristic vibrational peaks at 1604 cm-1 
for ν(C=O), 3424 cm-1 for ν(COOH) and 2186 cm-1 ν(CΞC) were 
observed in the YbDMP-COOH. We were unable to obtain the 
high-quality crystals for this complex; however, the structure of 
YbDMP was ascertained by single-crystal X-ray diffraction 
analysis as shown in Fig. 2. The Yb3+ is above the porphyrin ring 
and coordinated by four N atoms from the porphyrin ring, two 
N from 1,10-phenanthroline, and two O atoms from acetate ion. 
The coordination geometry is quite similar to its analogs that we 
reported early.39 We envision that the major structural 
characteristics of YbDMP will remain in the YbDMP-COOH as 
shown in Fig. 3 from the theoretical calculation. The bond 
length and bond angles are quite close to the crystal structure 
of YbDMP. Phenylacetylene moiety was slightly tilted against 
the porphyrin ring. It should be noted that the preparation of 
GdDMP-COOH and LuDMP-COOH was unsuccessful. 
GdDMP and LuDMP both decomposed during their coupling 
with 4-ethynylbenzoic acid under Sonogashira coupling reaction 
conditions. 

Fig. 2 ORTEP diagram of YbDMP with 50% thermal ellipsoid probability. 
Hydrogen atoms were omitted for clarity.  

Fig. 3 Geometry-optimized structure of YbDMP-COOH. Color code: grey: C; 
blue: N; red: O. Hydrogen atoms were omitted for clarity. 

Photophysical Properties

The absorption of YbDMP-COOH extends to the red region. The 
absorption spectrum of YbDMP-COOH in dichloromethane is 
shown in Fig. 4 with key photophysical data in Table 1. Data for 
DMPH2-COOH and YbDMP were also included for comparison. 
The free base DMPH2-COOH exhibits broader absorption 
compared to its ytterbium complex due to its lower symmetry 
according to Gouterman’s theory.67 Four peaks in the Q band 
region were observed with 660 nm on the far right side. The 
Soret band for YbDMP-COOH was centered at 439 nm, which is 
red-shifted 26 nm compared to YbDMP. The absorbance at the 

Soret was much lower than that of YbDMP. In the Q band 
region, the overall absorption was enhanced with two peaks 
centered at 568 nm and 615 nm, both are also red-shifted 
compared to a single peak at 544 nm for YbDMP. The red-shift 
of the absorption derives from the formation of a larger -
conjugation system after the 4-ethynylbenzoic acid was linked 
to the porphyrin ring. Such a shift has been observed in its zinc 
analogs. The DMPH2-COOH showed strong emission (Φ = 3.9%) 
in the visible region with two peaks at 662 and 732 nm, whereas 
its Yb3+ complex gave very weak emission (Φ = 0.23%) with 
three peaks at 619, 662, and 732 nm (Table S2). TD-DFT 
calculations for the DMPH2-COOH showed the emission was 
mainly from HOMOLUMO transition. 

Fig. 4 Absorbance spectra of DMPH2-COOH, YbDMP and YbDMP-COOH in 
DCM at room temperature. The concentration was 3.50  10-6 mol/L.

Table 1. Photophysical properties of YbDMP and YbDMP-COOH in CH2Cl2 at 
room temperature.

YbDMP YbDMP-
COOH

DMPH2-
COOH

VIS Region
Abs. () 413 (2.3 105)

544 (1.2 104)
439 (4.0 104)
568 (3.1 103)
615 (4.0 103)

432 (1.1 105)
528 (4.2 103)
568 (8.4 103)
603 (2.1 103)
660 (3.1 103)

Emission (nm) 648, 699 662, 732 619, 662, 732

 (ns)a, QY (%)b 7.92, 0.89 5.63, 0.23 7.60, 3.9 

NIR Region

Emission (nm) 975, 1003 978, 1006 -

 (s)c,  QY (%)d 10.5,2.2±0.1 12.0, 2.3±0.1 -
aλex = 375 nm;b The TPPH2 was used as a reference (QY = 0.11 in benzene); 
cex = 510 nm. dThe YbTPPTp

H was used as a reference (QY = 0.032 in 
dichloromethane).40   

YbDMP-COOH exhibits characteristic Yb3+ emission in the 
NIR region upon excitation. As shown in Fig. 5(A), the spectrum 
shows two characteristic peaks centered at 978 and 1006 nm, 
which correspond to the transition of 2F5/2 →2F7/2. The 
appearance of multiple peaks could be due to the MJ splitting of 
the ground state and or emitting states.6 The emission 
intensities at 978 and 1006 nm are very close to each other, 
indicating an eight-coordinating environment around Yb3+ ion 
as we observed previously.39 The very close emission intensities 
were also observed in YbDMP. The overall emission intensities 
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are dependent upon the excitation wavelength. As shown in Fig. 
5(B), the emission intensity is almost doubled with a ex = 448 
nm compared to intensities with ex = 541, 568, and 616 nm. 
However, in the longer wavelength, the excitation at 568 and 
610 nm produced higher emission intensity than 541 nm since 
YbDMP-COOH has much weaker absorption at 541 nm. YbDMP 
can also be excited under the visible light excitation, however, 
the emission intensity is very low when the excitation moves to 
a longer wavelength (ex > 550 nm).

Fig. 5 (A) NIR emission of YbDMP-COOH under different excitation 
wavelengths in dichloromethane and (B) in different solvents (ex = 616 nm) 
at room temperature. The concentration was 3.24  10-5 mol/L. 

The NIR emission is the result of “antenna” effect. In 
general, the energy from the porphyrin transfers to the excited 
state of the Yb3+ for its NIR emission. Fig. 6(A) shows the 
emission spectra of DMPH2-COOH (free porphyrin), YbDMP and 
YbDMP-COOH in DCM under the same concentration. The 
fluorescence intensity of YbDMP-COOH in the visible region was 
less than 2% of DMPH2-COOH, indicating a dramatic 
fluorescence quenching of DMPH2-COOH after the formation of 
the complex. Such a decrease is most likely from an energy 
transfer from the porphyrin to the excited state of Yb(III). Fig. 
6(B) shows the absorption and the excitation spectra of YbDMP-
COOH in DCM. The absorption spectrum was similar to the Yb3+ 
excitation spectrum, indicating again that the porphyrin 
sensitized Yb3+ emission.  The measured quantum yield in thre 
NIR region (2.30%) is quite similar to YbTPPTp

H 40 and is slightly 
higher than YbDMP (2.21%). To probe the energy transfer time 
scale, the complex was adsorbed on TiO2 nanopartcles and SiO2 
nanoparticles through benzoic acid.68, 69 It was found that the 
complex showed very weak emission on TiO2 compared to SiO2 
as shown in Fig. 6A due to efficient fluorescence quenching of 
the electron transfer from the porphyrin ring to the TiO2 
conduction band, which did not occur for SiO2. This indicates the 
energy transfer from porphyrin to the Yb3+ is comparable to the 
TiO2 nanoparticle, which is typically 500 fs. 70-72

Fig. 6 (A) Emission spectrum of DMPH2-COOH, YbDMP-COOH and YbDMP in 
dicholoromethane (ex = 375 nm), (B) Absorption and excitation of YbDMP-
COOH in dicholoromethane (em = 1004 nm). The concentration was 3.65  
10-5 mol/L for absorption and excitation, respectively.

Fig. 7 (A) NIR emission spectra of YbDMP-COOH on TiO2 and SiO2 
nanoparticles (ex = 445 nm); (B) NIR emission spectra of YbDMP-COOH and 
YbDMP upon excitation at 633 nm in DMSO/water (1:1).  

Lastly, the emission upon excitation at 633 nm aqueous 
solution (DMSO:H2O, 1:1) was examined. This wavelength is 
chosen due to its commercial availability either as HeNe laser 
(632.8 nm) or diode laser (633 nm). As shown in Fig. 7B, upon 
excitation at 633 nm, characteristic emission at 978 nm was 
observed, which is indicative of potential medical diagnostic 
applications. However, the emission intensity decreased about 
70% compared to the emission in pure DMSO. This decrease 
could be ascribed to interaction of solvent with metal ion. It was 
found that the NIR emission of YbDMP-COOH in CH3OH and THF 
was also quite weak than that in toluene, DCM and DMF 
indicating the interaction of solvent with Yb3+ center in the 
complex. The lifetime at 978 nm in CH3OH and CD3OD were 1.50 
s and 7.29 s, respectively.  Using the equation qYb = 2(CH3OH -
CD3OD-B),73 the estimated qYb  1, if B is between 0.05 and 0.1. 
This indicated that one solvent molecule may have very close 
contact with the Yb center. This is reasonable due to the fact 
that the Yb center is pretty open compared to 
tetraphenylporphyrin analogues, in which 5, 10, 15 and 20 
positions were all occupied by almost vertically aligned phenyl 
groups. This is not the case for YbDMP-COOH, in which two 
meso positions have phenyl substituents, third one has a flat 
ethynylbenzoic acid group and the last one has no substituent 
leaving an open space for solvent molecules to access. This 
provided opportunities for solvent molecules to access to inner-
coordination sphere; and therefore, quench the NIR emission. 
The low water solubility of the sample prevented further 
evaluation of the NIR emission capability in water. In an attempt 
to prepare an aqueous solution by dissolving the DMSO solution 
into water for further assessment, the resulting mixture was 
becoming cloudy when the water/DMSO ratio (V/V) increased 
to 2:1, and the sample quickly precipitated from the mixture, 
making the measurement unreliable. No NIR emission was 
observed from the mixture. It is worth noting that it is important 
to evaluate the sample in the cell, unfortunately, the poor 
solubility and lack of the facility in our lab prevented us from 
further study. We are currently developing new strategies to 
address this challenge.

Conclusions
In summary, a green Yb3+ porphyrin with strong absorption at 
615 nm was synthesized by appending a 4-ethynylbenzoic acid 
to a meso position of a porphyrin. The complex showed 
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characteristic emission in the NIR region upon excitation at 633 
nm in DMSO/water, demonstrating its potential in medical 
diagnostic applications.
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