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Detection of ppm quantitites of gaseous SO2 by organoplatinum dendritic sites immobilised on a quartz microbalance

Martin Albrecht, Martin Schlupp, Joachim Bargon,* Gerard van Koten*

UV–vis spectroscopy of 3 and 4 

3 (toluene): max () = 281 nm (3.86 ( 103 M–1cm–1), 332 nm (7.25 ( 104 M–1cm–1) 

4 (3 M SO2 in toluene): max () = 353 nm (9.74 ( 103 M–1cm–1) 417 nm (4.31 ( 104 M–1cm–1)

Measurements using QMB discs coated with metallodendritic receptors.

Table S–1. SO2- and temperature-dependent negative frequency shift of discs coated with 2 or 3 a)
SO2 /ppm
35 ˚C
40 °C
45 °C
50 °C
55 °C


2
3
2
3
2
3
2
3
2
3

0
0
0
0
0
0
0
0
0
0
0

5
8
0
0
0
0
0
0
0
0
0

10
11
7
7
6
4
0
0
0
0
0

25
24
13
14
10
7
4
3
3
0
3

50
36
20
16
14
10
10
6
6
4
4

75
49
24
24
19
13
12
9
8
6
5

100
52
31
31
22
18
14
12
12
8
7

200
54
34
35
29
20
18
15
14
10
10

400
71
42
47
29
31
27
20
20
12
13

600
74
42
47
29
35
27
25
25
14
17

800
72
42
47
29
35
27
25
25
16
17

1000
72
42
47
29
35
27
25
25
18
17

a)
Negative frequency shift in Hz; a shift of 10 Hz corresponds to 44 ng cm–2 mass increase (0.69 nmol cm–2 bound SO2).

By using the direct correlation of the negative frequency shift with the mass increase (4.4 ng cm–2 Hz–1), the amount of bound SO2 in the saturated systems, i.e., in the presence of 1000 ppm SO2, was calculated and compared to the number of available platinum sites. This allows for the determination of the association constant Kass as a function of temperature.

Table S–2. Temperature-dependent association constants Kass (see also Fig. S–1)

T  /K

disc coated with 2


disc coated with 3



c(Pt–SO2) a)
c(Pt) a)
Kass
c(Pt–SO2) a)
c(Pt) a)
Kass

308
5.0
85.1
0.058
2.9
84.1
0.034

313
3.2
86.8
0.037
2.0
85.0
0.023

318
2.4
87.6
0.027
1.9
85.1
0.022

323
1.7
88.3
0.019
1.7
85.3
0.020

328
1.2
88.8
0.014
1.2
85.8
0.014

a)
concentrations c in nmol cm–2; c(Pt–SO2) refers to SO2-bound platinum sites, c(Pt) refers to SO2-free platinum sites; 
c(Pt)tot = 90 nmol cm–2 for 2 and 87 nmol cm–2 for 3.

According to eq 1


H˚ – TS˚ = –RTln(K)
(1)

the standard parameters for 2 have been calculated as H˚ ( –59 kJ mol–1; S˚ ( –215 J mol–1 K–1. The data for 3 are less accurate and reveal H˚ ( –34 kJ mol–1; S˚ ( –138 J mol–1 K–1.
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Figure S–1. Plot of ln(K) against 1000/T demonstrating the temperature-dependence of the association constants K obtained from experiments with discs coated with 2 (diamonds, correlation of least-squares fit c > 0.997) and with 3 (bars), respectively. 
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		SO2 [ppm]		35 °C		4 35 °C		40 °C		4 40 °C		45 °C		4 45 °C		50 °C		4  50 °C		55 °C		4 55 °C

		0		0		0		0		0		0		0		0		0		0		0

		5		8		0		0		0		0		0		0		0		0		0

		10		11		7		7		6		4		0		0		0		0		0

		25		24		13		14		10		7		4		3		3		0		3

		50		36		20		16		14		10		10		6		6		4		4

		75		49		24		24		19		13		12		9		8		6		5

		100		52		31		31		22		18		14		12		12		8		7

		200		54		34		35		29		20		18		15		14		10		10

		400		71		42		47		29		31		27		20		20		12		13

		600		74		42		47		29		35		27		25		25		14		17

		800		72		42		47		29		35		27		25		25		16		17

		1000		72		42		47		29		35		27		25		25		18		17

		at saturation,		316.8		184.8		206.8		127.6		154		118.8		110		110		79.2		74.8

		ng SO2 is 4.4*Hz

		corr. nmol SO2		4.95		2.8875		3.23125		1.99375		2.40625		1.85625		1.71875		1.71875		1.2375		1.16875

		per cm^2

		nmol Pt sites		90		87		90		87		90		87		90		87		90		87

		equilibrium K		0.0582010582		0.0343290236		0.0372397897		0.0234541578		0.0274705672		0.0218013653		0.0194690265		0.0201539025		0.0139416984		0.0136168354

		T

				bonded SO2		free Pt-sites		K		bonded SO2		free Pt-sites		K

		308		5.0		85.1		0.058		2.9		84.1		0.034

		313		3.2		86.8		0.037		2.0		85.0		0.023

		318		2.4		87.6		0.027		1.9		85.1		0.022

		323		1.7		88.3		0.019		1.7		85.3		0.020

		328		1.2		88.8		0.014		1.2		85.8		0.014

		1000/T

		3.2467532468		-2.8438517423		-3.3717641127

		3.1948881789		-3.2903774745		-3.7527074956

		3.1446540881		-3.5946401293		-3.825782681

		3.0959752322		-3.9389304583		-3.9043573355

		3.0487804878		-4.272871048		-4.2964483577

		8.314		R

		3				4

		7.0896		slope		4.0417

		25.893		intercept		16.546

		-215.274402		delta S =		-137.563444		J /(mol*K)

		-58.9429344		delta H =		-33.6026938		kJ / mol
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