
 INSTRUCTOR NOTES   
5

Kinetics of Ligand Substitution Reactions of a Pt(II) Complex
Supplies

Reagents:

	[Pt(terpy)Cl]Cl(2H2O (student or supplied)
	~4 mg / group

	methanesulfonic acid, MeSO3H: 
	~1 mL / group

	n-propanethiol, PrSH
	~1 mL / group

	methanol, CH3OH: 
	~100 mL / group

	NaOH
	

	H2O2
	


Lab Equipment:

· 100-1000 L autopipetter and tips - check calibration
· vials, 20 mL

· UV-vis spectrophotometer 1/group

· 20 mL capped vials, many
Student Equipment:

· spatula

· cuvette, UV-vis

· 100 mL volumetric flask
· 25 mL volumetric flask
· 5 mL volumetric flask
Waste Jars:


· ORGANIC WASTE = methanol, methanesulfonic acid, n-propanethiol
· AQUEOUS WASTE = water, NaOH, H2O2
Derivation of Rate Law for mechanism 3 
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Scheme C-4: A mechanism for ligand substitution reactions of Pt(II) complexes showing an associative path involving direct displacement of X by incoming ligand Z, and a solvolysis path involving solvent coordination prior to ligand substitution.  (In this scheme, charges have been omitted but are worthy of consideration.)

Rate = +d[L3Pt-Z]/dt    =        k3[L3Pt-S][Z]
       +
          k2[L3Pt-X][Z] 
     appearance of product     = rate of formation by solvolysis +  rate of formation by direct displacement
Apply steady-state approximation to the solvento intermediate, [L3Pt-S]:

1. for reactive intermediate, rate of formation     = rate of depletion


k1[L3Pt-X]   =   k-1[L3Pt-S][X]  +  k3[L3Pt-S][Z]
      
          

2. re-arrange for intermediate concentration:     
[L3Pt-S] =  k1[L3Pt-X] / (k-1[X]  +  k3[Z])
3. substitute into rate law above
Rate = +d[L3Pt-Z]/dt  = k1k3[L3Pt-X][Z] / (k-1[X]+k3[Z])  +   k2[L3Pt-X][Z] 

Rate = {k1k3[Z] / (k-1[X]+k3[Z]) + k2[Z]}[L3Pt-X]

But if k-1[X] << k3[Z], then Rate = {k1 + k2[Z]}[L3Pt-X]

or Rate = kobs[L3Pt-X]
where kobs = k1 + k2[Z] 
Experimental Procedure:

Solution preparation: 

(1) 0.10 M MeSO3H in MeOH·H2O (95-5, v/v) solvent (100 mL):
· MeSO3H: 96.11 g/mol, 1.039 g/mL

· First prepare MeOH·H2O (95-5, v/v): In a 100 mL volumetric flask, combine 95 mL MeOH and 5 mL H2O.  Pour into a 100 mL beaker.
· Into the 100 mL volumetric flask, add 0.925 mL MeSO3H and dilute to the mark with the MeOH/H2O mixture (~1 mL remains) 
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· To maintain constant pH, use this “solvent” to prepare other stock solutions and to dilute them.

(2) [Pt(terpy)Cl]+ stock solution (10 mL) with [Pt]stock = 1.1 ( 10-3 M:  
· Dissolve ~6 mg [Pt(terpy)Cl]Cl(2H2O in 10.0 MeSO3H/MeOH/H2O solvent mixture (using volumetric flask or volumetric pipette & vial).   [Pt(terpy)Cl]Cl(2H2O:
535.29 g/mol    = 13,300 M‑1 cm-1
· 200 L of this Pt stock added to 3.20 mL solvent should have [Pt]dil = 6.6 ( 10-5 M and A340 ( 0.88
(3) 0.0442 M PrSH stock solution (25 mL):
· PrSH: 76.16 g/mol, 0.841 g/mL
· In a 25 mL volumetric flask: dilute 0.100 mL PrSH (volumetric pipette) with MeSO3H/MeOH/H2O solvent to the mark. 
(4) trial solutions
· FIRST combine 0-3 mL of thiol stock with 3.2-0.2 mL of solvent.  

· To this add 200 L of Pt stock, mix and begin kinetics
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trial mL Pt mL RSH mL solvent
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total
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A

340

calc

0 0.200 0.00 3.20 3.400 6.59E-05 0.00E+00 0.88

1 0.200 0.20 3.00 3.400 6.59E-05 2.60E-03 0.88

2 0.200 1.00 2.20 3.400 6.59E-05 1.30E-02 0.88

3 0.200 1.50 1.70 3.400 6.59E-05 1.95E-02 0.88

4 0.200 2.00 1.20 3.400 6.59E-05 2.60E-02 0.88

5 0.200 2.50 0.70 3.400 6.59E-05 3.25E-02 0.88

6 0.200 3.00 0.20 3.400 6.59E-05 3.90E-02 0.88

TOTAL 1.20 10.20 9.00 20.40


Experimental reminder:  caution about solvent evaporation!

SAMPLE RESULTS  
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· Monitoring absorbance changes at 332 or 348 nm works well, as these show largest changes.
· Students should observe that solutions turn pink, consistent with growth of absorption band in 540 nm region.

First-order fit for one trial; note curvature may indicate that kinetics is not simple first-order.
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		mL MeSO3H		mmol MeSO3H		Vtotal (mL)		M MeSO3H

		0.925		10.00		100.00		0.100
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		Pt Stock:

		RSH stock:

						mL RSHstock		mL solvent		Vtotal		[RSH] (M)

				A		0.200		10.00		10.20

				B		0.400		10.00		10.40

				C		0.600		10.00		10.60

				D		0.800		10.00		10.80

				E		1.200		10.00		11.20

				F		2.000		10.00		12.00

		trial		mL Pt		mL RSH		Vtotal		[Pt]		[RSH]

		1		0.200		3.00 of A		0.20

		2		0.200		3.00 of B		0.20

		3		0.200		3.00 of C		0.20

		4		0.200		3.00 of D		0.20

		5		0.200		3.00 of E		0.20

		6		0.200		3.00 of F		0.20

		TOTAL





Sheet1

		mg Pt		mmol Pt		mL solvent		[Pt]stock		A340calc

		6.0		0.0112088774		10		0.0011208877		14.9

		mL PrSH		mol PrSH		Vtotal (mL)		[PrSH]

		0.100		0.0011042542		25.000		4.417E-02

		trial		mL Pt		mL RSH		mL solvent		Vtotal		[Pt]		[RSH]		A340calc

		0		0.200		0.00		3.20		3.400		6.59E-05		0.00E+00		0.88

		1		0.200		0.20		3.00		3.400		6.59E-05		2.60E-03		0.88

		2		0.200		1.00		2.20		3.400		6.59E-05		1.30E-02		0.88

		3		0.200		1.50		1.70		3.400		6.59E-05		1.95E-02		0.88

		4		0.200		2.00		1.20		3.400		6.59E-05		2.60E-02		0.88

		5		0.200		2.50		0.70		3.400		6.59E-05		3.25E-02		0.88

		6		0.200		3.00		0.20		3.400		6.59E-05		3.90E-02		0.88

		TOTAL		1.20		10.20		9.00		20.40
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