CHEM-5151 / ATOC-5151 Atmospheric Chemistry – Spring 2005

Homework Assignment #5: Assigned 2-Apr-2005 / Due 14-Apr-2005

· Please make an effort to produce a clean solution. Use a big “font” and plenty of space for your diagrams and arguments. 
· Please briefly explain your answers, and solution procedures. We try to grade as much on the thinking process as on the final result.
It is recommended that you use spreadsheet (e.g., Excel) to solve for problems 1 & 2, since you can save a tremendous amount of time by copying and modifying worksheets for similar subset of problems.  But if you do so, you need to show the work for at least one to receive full credit. 

Problem 5.1 (55 pts): 
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The data given below are the parameters for the log-normal size distributions of aerosols in various atmospheres.  Note that in the table below N is the total aerosol number concentration in a given mode, Dp is the geometric mean diameter of the number distribution (i.e., 
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Parameters for Model Aerosol Distributions Expressed as the Sum of Three Log-Normal Modes

Mode I Mode I1 Mode III
N D, N D, N D,
Type (cm™3) (pum) logo (cm~3) (pm) logo T (em™¥) (pm) logo
Urban 9.93 x 10* 0.013 0.245 1.11 x 103 0.014 0.666 3.64 x 10* 0.05 0.337
Marine 133 0.008 0.657 66.6 0.266 0.210 3.1 0.58 0.396
Rural 6650 0.015 0.225 . 147 0.054 0.557 f - 1990 0.084 0.266
Remote 3200 0.02 0.161 2900 0.116 0.217 03 1.8 0.380
continental
Free 129 0.007 0.645 59.7 0.250 0.253 63.5 0.52 0.425
troposphere
Polar 21.7 0.138 0.245 0.186 0.75 0.300 3x 1074 8.6 0.291
Desert 726 0.002 0.247 114 0.038 0.770 0.178 21.6 0.438

Source: Jaenicke (1993).



), and  is the geometric standard deviation (i.e., g). Using the parameters provided in the following table to:
1) Calculate the mean diameter of surface area distribution (i.e.,
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) and the mean diameter of volume distribution (i.e., 
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) of each mode of the urban and rural aerosols.

2) Plot the number, surface area, volume, and mass (assuming density = 1.5 g/cm3) distributions of the urban and rural aerosols.  
3) According to your plots, estimate the total number, surface area, volume, and mass concentrations in the ultrafine mode (Dp < 100 nm), accumulation mode (100 nm < Dp < 1 m), and the fine particle mode (i.e., PM2.5) of the urban and rural aerosols. (Note: you can just use the approach taught in the lecture to get the estimates).  
4) Based on your calculations, comment on the major differences in size distributions between urban and rural aerosols and discuss briefly the major sources and processes creating and removing the ultrafine, accumulation, and coarse mode particles. 

Problem 5.2 (25 pts):
In a system that contains 50 g m-3 of suspended PM (i.e., TSP = 50 g m-3), of which 20% of the mass is organics material (OM) that absorbs condensable organic species i (i.e., fom = 20%), the average molecular weight of OM = 200 g mol-1, the activity coefficient of i in the OM phase (i.e., i) = 1. 
1) Assume that the liquid phase vapor pressure of i (i.e., p0L,i) = 10-6 torr, the total (G + P) concentration of i = 100 ng m-3, and the temperature of the system is 25oC, calculate the gas phase concentration (in ng m-3) and the particle phase concentration (ng g-1) of i after the system reaches gas-to-particle partitioning equilibrium. 
2) Plot the fraction of i in the particle phase as a function of its vapor pressure at the temperatures of 0oC and 25oC under equilibrium. 
Problem 5.3 (10 pts): Problem 1 on p.423 of Finlayson-Pitts & Pitts

Problem 5.4 (10 pts): Problem 3 on p.423 of Finlayson-Pitts & Pitts
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